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ABSTRACT 
The purpose of the current research was to study interhemispheric interaction in 
the brains of mathematically gifted adolescents, average ability adolescents, and college 
students. This study investigated the efficiency of interhemispheric interaction via the 
corpus callosum for brief displays of hierarchical stimuli under three conditions: (1) 
when both hemispheres have direct access to the visual information for performing 
global/local matches (i.e., bilateral redundant trials), (2) when the information necessary 
to perform such matches is divided between the visual-fields/hemispheres, thus forcing 
the hemispheres to exchange information to successfully perform the task (i.e., bilateral 
cooperative trials), and (3) when only one hemisphere has initial access to the 
information to perform global/local matches (i.e., unilateral trials). The college students 
produced the prototypical results with the right hemisphere (RH) superior for global 
processing and the left hemisphere (LH) superior for local processing. In addition, for 
college students, the LH showed aspects of metacontrol when information necessary to 
perform global/local matches was redundantly available to both hemispheres, whereas 
the RH showed metacontrol when the information necessary to perform global/local 
matches was split between the hemispheres. The average ability adolescents showed the 
prototypical results for local processing (i.e., LH faster for local processing), but showed 
no difference between the hemispheres for global processing and no evidence of 
metacontrol. The mathematically gifted adolescents did not produce any reliable 
differences between hemispheres when processing hierarchical stimuli, which is 
consistent with previously obtained results showing bilateral involvement of the 
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hemispheres in the giAed during basic information processing. Interestingly, average 
ability adolescents and college students exhibited considerable slowing and a greater 
number of errors in the cooperative viewing condition in comparison to the 
mathematically gifted adolescents. In fact, the mathematically gifted were significantly 
faster and more accurate when the stimuli were divided between the visual-
field/hemispheres than when they were presented unilaterally or redundantly, suggesting 
enhanced interhemispheric cooperation as a unique functional characteristic of the 
mathematically gifted brain. Possible explanations for the pattern of performance by 
gifted individuals during the cooperative condition are examined (e.g., greater callosal 
connectivity in the gifted brain) and potential goals for ftiture research with gifted 
participants are discussed. 
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INTRODUCTION 
The human brain is anatomically divided into two functionally distinct cerebral 
hemispheres. These two hemispheres differ in the manner in which they process various 
kinds of cognitive, perceptual, and emotional information (e.g., Gazzaniga, 1970; 
Hellige, 1993a, 1996; Kitterle, 1995; Levy, Trevarthen, & Sperry, 1972; O'Boyle, 1986; 
Sperry, Gazzaniga, & Bogen, 1969; Zaidel, 1985). Although different abilities and 
propensities are lateralized to each hemisphere, the brain produces a unified behavioral 
response. Such unity is possible because the two hemispheres are highly connected via 
the corpus callosum (CC), permitting different interhemispheric interactions (Cook, 
1986). 
In order to understand behavior in general, it is essential to understand how such 
integrated behavior is produced by the interaction between the two cerebral hemispheres 
each with such different abilities, propensities, and biases. Unfortunately, there is a 
paucity of research about the manner in which the hemispheres integrate information 
processing in the intact brain, especially with regard to individual differences. 
Individual differences in hemispheric communication have implications for a large range 
of clinical syndromes as well as for the normal population. For example, research has 
been done to implicate the role of interhemispheric communication in dyslexia 
(Davidson & Saron, 1992), schizophrenia (Doty, 1989), multiple sclerosis (Lindebom & 
Horst, 1988), giftedness (O'Boyle, Benbow, & Alexander, 1995), sex differences (De 
Lacoste-Utamsing & Holloway, 1982), and handedness (Witelson, 1985). 
There are many different experimental methods for investigating interhemispheric 
interaction. The most common involve the measurement of simple manual reaction time 
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and vocal reaction time. To examine interhemispheric interaction with simple manual 
reaction time (the most popular procedure according to Hoptman «& Davidson, 1994), 
performance on unilateral trials is compared to performance on bilateral redundant trials. 
In unilateral trials, information is presented to only one hemisphere, whereas in bilateral 
redundant trials, identical information is simultaneously presented to each hemisphere. 
To evaluate interhemispheric interaction, the unilateral trials serve as the baseline for 
bilateral redundant trials. A less common procedure is to examine performance on 
bilateral cooperative trials in which information is divided between the opposite visual 
fields/hemispheres and the information must be integrated in order to perform the task. 
Whereas bilateral cooperative trials require an interhemispheric comparison, the bilateral 
redundant trials do not require explicit comparison as identical information is presented 
to both visual fields/hemispheres (Banich & Shenker, 1994). The present study 
compared performance on unilateral (within-hemisphere), bilateral redundant (implicit 
within-hemisphere), and bilateral cooperative trials (between-hemisphere) to better 
understand the dynamics of interhemispheric interaction. Three different groups were 
used (mathematically gifted adolescents, average ability adolescents, and college 
students) to examine if there are any individual differences with regard to 
interhemispheric interaction. 
Overview of the Study 
The present study examined how intrahemispheric versus interhemispheric 
information is processed in the brains of mathematically gifted adolescents, average 
ability adolescents, and college students through unilateral and bilateral presentation of 
hierarchical visual stimuli. The hierarchical stimuli used consisted of pairs of large 
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letters that themselves were made up of smaller letters. Examples of the lener pairs are 
shown in Figure 1. The hierarchical letters were used in a global/local paradigm in 
which the task was either to judge whether the two global (large) letters in the pair 
matched or to judge whether the local (small) letters in the pair matched. Previous 
research has shown that distinct brain systems underlie the ability to attend to overall 
shape information (global processing) as compared to attending to local information (for 
a review, see Robertson & Lamb, 1991). Such research has shown that the right visual 
field/left hemisphere (RVF/LH) is better for processing local elements while the left 
visual field'right hemisphere (L VF/RH) is better for global shape processing. 
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Figure 1. Hierarchical visual stimuli used in the experiments 
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The neural organization of the human visual system allows one to manipulate the 
degree to which the hemispheres must communicate to perform a given task. For 
instance, lateralized presentation of global/local information can be presented in the 
following ways: (1) The global/local information can be initially presented to a single 
hemisphere by presenting it to just one visual field. Performance on these unilateral 
trials requires no interhemispheric interaction. (2) The information can be presented 
simultaneously to both hemispheres by presenting it to both visual fields. Performance 
on these bilateral redundant trials requires no explicit interhemispheric interaction as 
both hemispheres have the identical information. (3) The global/local information can 
be divided between hemispheres by presenting half to each visual field. Performance on 
these bilateral cooperative trials requires interhemispheric interaction. 
By comparing performance on bilateral cooperative trials with performance on 
bilateral redundant and unilateral trials, one can examine how collaboration (or 
interaction) of the two hemispheres influences the level of performance that is achieved 
and the processing strategy that is utilized (see Banich, 1995; Hellige, 1993a; 
Liederman, 1998; Marks & Hellige, 1999; Robertson, 1995). Furthermore, by 
comparing the performance of different groups (e.g., mathematically gifted adolescents, 
average ability adolescents, and college students) on different types of trials, one can 
make inferences about the speed and type of interhemispheric interaction (Hoptman & 
Davidson, 1994) and can speculate about the given brain morphology of the group (i.e., 
the shape and size of the CC among these groups of individuals). Stated differently, this 
comparison can shed light on the issue of qualitative or quantitative differences between 
the gifted and the non-gifted brain. Thus, the present study conducted different 
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experiments using unilateral and bilateral trials to delineate interhemispheric differences 
between mathematically gifted adolescents, average ability adolescents, and college 
students. 
Research comparing gifted adolescents to average ability adolescents has shown 
that the differences between the highly gifted (especially, mathematically gifted) and 
average ability youth could be qualitative (O'Boyle et al., 1995) or quantitative (Dark & 
Benbow, 1990. 1993). That is, gifted adolescents might process information differently 
due to functional (maybe structural) differences in their brain, or they might show 
abilities that are typical of adults. The current research used mathematically gifted 
youth, average ability adolescents, and college students to tease apart qualitative and 
quantitative differences with regard to giftedness. 
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LITERATURE REVIEW 
Interhemispheric Interaction 
Functional specialization and functional asymmetry of the human brain are well-
established (for reviews, see Hellige, 1993a; Springer & Deutsch, 1998). As compelling as 
these differences between the LH and the RH are, the brain does not consist of two isolated 
hemispheres. The different capacities of the LH and the RH seldom cause conflict in the 
behavior of a neurologically normal individual. Furthermore, recent research has shown that 
the hemispheric specialization should not be interpreted as a static difference between the 
two hemispheres, but rather as dynamic interaction within the brain (e.g., Banich, 1995; 
Liederman, 1998). For these reasons, recent research has focused on how two functionally 
distinct cerebral hemispheres contribute to a whole system (brain) devoted to the production 
of integrated behavior and cognition. Another key area of study has looked for the 
conditions under which the two hemispheres coordinate their different propensities and 
capacities (for a review, see Banich & Shenker, 1994). 
The aforementioned reasons contribute to the burgeoning interest in the study of 
hemispheric communication. Although recent neuropsychological research (e.g., Kitterle, 
1995) has shown that both within hemisphere as well as between hemisphere communication 
is essential for the higher order cognitive functions (e.g., memory, attention, language, 
emotion, and visual perception), interhemispheric interaction as it relates to communication 
between hemispheres has not yet been fully studied. In recent years, the question of between 
hemispheric interaction, or integration, looms large because, having learned much about 
hemispheric differences, it is time to integrate the brain together to understand the unity of 
perception, cognition, emotion, and intelligence (Hellige, 2000). In Hellige's words, " The 
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time has come to put the brain back together again. In fact, one of the most important 
challenges facing cognitive neuroscience is to account for the emergence of unified 
processing from a brain consisting of a variety of processing subsystems" (Hellige, 1993a, 
p.206). 
One of the ways to understand how hemispheric specialization affects the brain's 
whole processing capabilities is to examine the interaction between the hemispheres. 
Understanding interhemispheric interaction, however, requires more than just the 
understanding of the specializations of each cerebral hemisphere in isolation (Hellige, 
1993b). In the natural environment, most of the information provided by the world is 
simultaneously available to both cerebral hemispheres. In addition, both hemispheres are 
capable of generating some appropriate behavioral response in most situations (Hellige, 
1993b). Most neuroimaging studies (e.g., functional magnetic resonance, or fMRI; positron 
emission tomography, or PET; electroencephalograpy, or EEG) show that for virtually all 
tasks, many areas of both hemispheres are activated. 
The obvious candidate for the conduit for hemispheric interaction or communication 
is the CC, the largest fiber tract in the brain of placental mammals. The CC contains 200 to 
800 million nerve fibers that interconnect the two hemispheres of the brain, and it appears 
late in both ontogeny and phylogeny (Hoptman & Davidson, 1994), suggesting that it 
subserves high-level integrative functions. Although there are other commissures in the 
brain (e.g., anterior commissure, hippocampal corrunissure, massa intermedia) that probably 
play an important role in interhemispheric interaction, there are reasons to believe that the 
CC plays the pivotal role in hemispheric communication (see, e.g., Kitterle, 1995). Various 
types of damage to this pathway result in disconnection syndromes where information 
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restricted to one hemisphere is essentially unavailable to the other cerebral hemisphere (e.g.. 
Levy & Trevarthen, 1977; Myers & Sperry, 1982; Pollman & Zaidel, 1999; Sergent, 1991). 
Yet, the question remains, just how are two cerebral hemispheres with different 
functional capabilities able to produce a unified behavioral response? Many different 
experimental paradigms are used to help explain the interaction between the hemispheres that 
results in such an integrated system. If the studies regarding hemispheric interaction are taken 
into consideration, one thing becomes clear, and that is that there is no such thing as a typical 
mechanism of interhemispheric interaction (see Banich, 1995). Instead, there are probably a 
variety of interhemispheric interactions depending on the tasks and the different information-
processing demands. Thus, to understand the brain integration one need to also understand 
the variety of ways in which the two hemispheres interact and the biological mechanisms that 
support those interactions. 
Types of Interhemispheric Interactions 
Three types of interhemispheric interactions have been studied. They are 
interhemispheric inhibition, interhemispheric integration (or summation), and 
interhemispheric control (or metacontrol). 
Interhemispheric Inhibition 
The tm and the LH are able to share myriad types of information, however, this 
sharing does not imply that it is always more efficient to cooperate during processing 
(Kitterle, 1995). Interhemispheric cooperation could be beneficial or it could be detrimental 
to performance depending on the type of task and stimulus. Sometimes to increase efficiency 
and to minimize conflict, the two hemispheres isolate information fi-om each other. That is, 
there is interhemispheric inhibition. This strategy tends to be most useful when the 
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hemispheres are engaged in activities that are mutually inconsistent and one hemisphere 
exclusively specializes in the given task (Hellige, 1993b; Kinsboume & Hiscock, 1983). For 
example, performance on a dichotic listening task shows a strong right ear (LH) advantage 
for the identification of nonsense syllables for right handers (e.g., Clarke & Zaidel, 1994; 
Hugdahl, 1995: Kimura, 1961). Performance on the dichotic listening task is thought to be 
entirely subserved by the LH, and in fact, split-brain patients show complete suppression (or 
inhibition) of left ear performance during dichotic listening (Geschwind, 1968; Milner, 
Taylor, & Sperry, 1968; Sparks & Zaidel, 1995). Research has also shown that when RH 
inhibition is produced by giving the RH a unilateral electroconvulsive seizure, there is an 
increase in LH functions related to hearing of speech and speech activity (Nikolaenko & 
Egorov, 1998). 
During interhemispheric inhibition, information is presented to both hemispheres 
(i.e., each hemisphere has access to all the information). And, the CC ensures that the 
infomiation is highly accessible to the hemisphere which is more competent for processing 
that information, while such information will be inaccessible to the less skilled hemisphere. 
In other words, during interhemispheric inhibition, exclusively specialized information is 
relayed to the more competent hemisphere through the CC prior to processing (Zaidel, 1986). 
It should be noted that interhemispheric inhibition might not be inhibition at all. An 
alternative explanation for the pattern of results identified as interhemispheric inhibition is 
that the CC transfers excitatory signals to the specialized hemisphere from the non-
specialized hemisphere and that this excitation disrupts ongoing processing (Hoptman & 
Davidson, 1994). An example can be found in the literature on dyslexia: Dyslexics transfer 
disruptive information from the RH to the LH during the dichotic listening task (Davidson, 
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Leslie, & Saron, 1990). Further research is needed to disentangle the inhibition versus 
disruptive excitation hypotheses. 
Interhemispheric Integration (or Summation) 
In this type of interhemispheric interaction, both hemispheres explicitly contribute 
to the task. According to Hellige (1993b), sometimes the hemispheres must collaborate 
(in place of inhibition or excitation of the opposite hemisphere) to produce an integrated 
percept. This collaboration often involves dividing the workload between the 
hemispheres according to their respective areas of expertise, and then sharing the 
relevant information along the way. For instance, during language processing the LH 
does most of the comprehension, but emotional and prosody components are analyzed 
by the RH. This information is then shared to produce an integrated linguistic response. 
These complimentary contributions by the two hemispheres can be seen for 
virtually all aspects of visual information processing (Hellige, 1996; Zaidel & Rayman, 
1995) involving the processing of low versus high visuospatial frequencies, coordinate 
versus categorical spatial relationships, and global versus local aspects of visual stimuli 
(Hellige, 1993b, 1996). In the latter, the LH performs computations that extract local 
features, whereas the RH extracts global form. This information is shared along the way 
to produce an integrated percept. The CC acts as a control structure for an integrative 
analysis of this incoming information (Zaidel, Aboitiz, Clarke, Kaiser, & Matteson, 
1995). 
Interhemispheric Control (or Metacontroi) 
There are many times when it is most efficient for one hemisphere to dominate the 
interaction (e.g., in a consonant-vowel-consonant identification task; see Hellige, Taylor, & 
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Eng, 1989). Such situations occur when both hemispheres have the ability to perform a task, 
but each prefers to do it in its own way (Hellige 1993b). The concept of metacontrol has been 
applied to describe certain aspects of interhemispheric interaction in normal participants 
(e.g., Hellige, Johnson, & Michimata, 1988; Hellige et al.,1989). According to the concept 
of metacontrol, when information is presented to both hemispheres, one hemisphere takes 
control of processing. Thus, the interaction is essentially governed by one hemisphere. 
The idea of metacontrol was originally derived from split brain patients. In a study of 
split brains by Levy et al. (1972), patients were tested on a task in which two patterns of three 
vertically oriented Xs and squares were presented, with each hemisphere being shown a 
different pattern. When asked to point to the pattern they saw (a matching task), patients 
consistently chose the left hand (mediated by the RH) to do the pointing. However, the 
patients were more accurate when they made a verbal response (controlled by the LH) than 
when they made a pointing response. Thus, the results showed that in such patients, one 
hemisphere appears to dominate responding even when both were given the information, and 
surprisingly, the hemisphere that dominated was not the hemisphere specialized for the task. 
These results were later replicated by Levy and Trevarthen (1976) when they asked split-
brain patients to match lateralized stimuli to pictures in free vision on the basis of either 
appearance or function. The results showed that the less competent hemisphere (RH in this 
case) was used to perform the task by these split-brain patients. 
Metacontrol results, where the less skilled hemisphere dominates performance, have 
also been replicated in neurologically normal individuals. For example, using a consonant-
vowel-consonant task, Hellige et al. (1989) observed that the type of errors made on bilateral 
trials were qualitatively similar to those observed on LVF/RH trials, but dissimilar to those 
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observed on RVF/LH trials. Thus, Hellige's data appear to support the idea of metacontrol 
because the performance on bilateral trials seemed to be dominated by RH rather than LH 
processing, although LH typically specializes in processing linguistic material. According to 
Hellige (1993b), the biological mechanisms that are responsible for one hemisphere taking 
control of information processing (i.e., for metacontrol) are still to be determined. 
So, at one end of the continuum for interhemispheric interaction is the case in which 
the interaction between the hemispheres is dominated completely by one hemisphere, a 
model often referred to as metacontrol; at the other end of the continuum is the interaction 
between the hemispheres in which no characteristics are common, and in between these 
conditions is the interhemispheric interaction where information is shared by the 
hemispheres. Thus, coordinating the activities of the two hemispheres involves both the 
transfer of information from one hemisphere to the other and the insulation of hemispheric-
specific processes within their respective hemispheres. 
Individual DiiTerences in Interhemispheric Interaction 
The hemispheric communication studies suggest that the individual differences in 
functional laterality could be due to differences in hemispheric specialization (e.g., 
whether language processes are exclusively specialized to the LH), differences in CC 
connectivity, or differences in both. For this reason, an understanding of individual 
differences in functional laterality requires knowledge of RH and LH biases and the CC 
morphology as it applies to the particular individual or group. The popular paradigm 
(see, Banich, 1995) to test the aforementioned individual (or group) differences requires 
comparison between the groups in terms of performance on within-hemisphere and 
between-hemisphere conditions. The within-hemisphere control condition needs to have 
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two subconditions, one that assesses RH processes and one that assesses LH processes, 
to see if there are any basic differences in hemispheric functioning and then these 
subconditions need to be compared to between-hemisphere conditions (Banich & 
Shenker, 1994). Having separate data for RH and LH is important in order to examine 
the relationship between lateralization of processing and interhemispheric interaction. In 
addition, data from a within-hemisphere condition is essential for investigating whether 
individuals who are less lateralized (e.g., females) have more efficient interhemispheric 
communication than do individuals who exhibit a large degree of lateralization (e.g., 
right-handed males). 
Initial investigation of CC connectivity and anatomy has reported that the differences 
in the CC size are related to sex (De Lacoaste-Utamsing & Holloway, 1982) and handedness 
(Witelson, 1985). De Lacoste-Utamsing and Holloway (1982) found in their autopsy study 
that women possess somewhat larger splenium than do men. The splenium is the part of the 
CC that connects the temporal and occipital cortices (Pandya & Seltzer, 1986; LaManita & 
Rakic, 1990). De Lacoste-Utamsing and Holloway (1982) h>'pothesized that these 
differences in splenium size reflected reduced hemispheric specialization in visuospatial 
processing for females. Similarly, Witelson (1985) found that consistent right-handers have 
smaller CCs than nonconsistent right-handers. Witelson (1985) determined handedness 
using an adaptation of Annett's (1967) handedness inventory. 
The development of neuroimaging techniques (e.g., fMRI, PET) have aided in the 
investigation of CC anatomy. For instance, Mofat, Hampson, and Lee (1998) investigated 
CC morphology using MRI, and their results showed that left-handed individuals with LH 
speech functions (inferred from a dichotic listening task) had a larger CC than left-handed 
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individuals with RH speech functions or right-handed individuals. Although for both sex and 
handedness effects, there have been many nonreplications (e.g., Aboitz, Scheibel, Fisher, and 
Zaidel, 1992; Byne, Bleier, & Houston, 1998; Kerstesz, Polk, Howell, & Black, 1987), a 
meta-analysis of 43 studies by Driesen and Raz (1995) found that the CC was larger in 
women and the left-handers as compared to right-handers. Results from this meta-analysis 
also showed that the CC area decreases slightly with age. 
Recent research by Gottfried, Lutz, Yanxiong, Jochen, & Helmuth (1995) showed 
that professional musicians with early musical training have significantly larger CC in the 
midsagittal area. In addition, according to Aboitz et al. (1992), the number of small callosal 
fibers increases with an increase in the CC area. These small CC fibers connect association 
areas and larger CC fibers connect primary areas of the cortex (LaManita &. Rakic, 1990). 
Because size and density of the CC may increase or decrease interhemispheric transfer time, 
differences in the morphology of the CC have significant implications for the velocity and 
type of information transfer among the LH and the RH (Hoptman & Davidson, 1994). 
There is a paucity of research for CC morphology and its relationship to giftedness. 
In 1908, Spitzka reported that "notable men" have a larger CC than "ordinary men", but the 
results of this study cannot be taken at face value because the "ordinary men" in the study 
were criminals put to death by electrocution. Furthermore, Mall (1909) asserted that the CC 
of "notable men" as mentioned by Spitzka (1908) were not bigger than the average for brains 
of the same weight. In recent years, an MRI study by Strauss, Wada, and Hunter (1994) 
found that intellectual ability was positively related to a larger posterior CC, suggesting that 
the size of the CC may play an important role in the gifted brain. According to Hoptman and 
Davidson (1994), the individual differences in CC morphology have implications for rate and 
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quality of information transfer, as well as for sharing of processing resources between 
hemispheres. 
Visual Information Processing 
There is probably more known about human vision and the brain regions involved 
in vision than about any other human sense (Kolb & Whishaw, 1996). The emphasis on 
vision reflects the degree to which the brain is devoted to the analysis of visual 
information. The total cortical surface area of vision related regions is about 55% as 
compared to 11% and 3% for somatosensory and auditory regions (Kolb & Whishaw, 
1996). The fact that so much of the cortex is devoted to vision underlies the importance 
of visual information to human behavior. 
According to Kolb and Whishaw (1996), around the turn of this century, Santiago 
Raymon y Cajal was one of the first to make systematic attempts to describe the 
organization of the visual system. Since then, much has been learned about how the 
changing patterns of light striking the retina are transformed into neural impulses. 
However, the understanding about the organizing principles of the visual system that 
interprets these signals has improved only in the last few decades. Now, human vision 
has emerged as one of the most advanced areas of study in cognitive neuroscience, due 
in large part to the development of sophisticated computer simulations (e.g., Kosslyn, 
1987), advances in neuroimaging techniques (e.g., Bigler, 1996; Martinez, Moses, 
Frank, Buxton, Wong, & Stiles, 1997), and extensive investigation of animal models 
(e.g., Mishkin, 1979; Ungerleider & Mishkin, 1982). 
Human visual experiences provide humans with rich and detailed knowledge about 
the environment. Most researchers agree that vision, like all other high-level abilities, is 
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not a single process, and that complex visual information is parsed into smaller units 
before it is analyzed by the brain (Hellige, 1996). For example, Biederman (1987) 
proposed that humans can recognize an object by identifying its component parts. His 
work suggested that one only needs 35 simple component parts (called geons) to 
recognize all objects in the environment. Thus, for complex visual recognition all that is 
needed is a limited set of components and one does not have to discriminate among 
hundreds of components. 
Brain Systems in Vision 
Research in the last two decades has shown that vision is subserved by a host of 
distinct systems that compute and integrate information about spatial properties of visual 
stimuli, including their movement, shape, color, depth, and texture (for reviews, see 
Cavanagh, 1987; Kosslyn & Koenig, 1992; Marr, 1982; Maunsell & Newsome, 1987; 
Ullman, 1996). From computational models of visual information processing, it is now 
known that when humans are extracting information from a single stimulus (e.g., a bar 
with vertical orientation), it can be more efficient to separate the processing into 
different subsystems (see Kosslyn & Koenig, 1995). According to Kosslyn, Chabris, 
Marsolek, and Koenig (1992), in many cases these different processing subsystems are 
located in different regions of the brain (e.g., VI through V4 and the medial temporal 
lobe; see Ullman, 1996; Zeki, 1993). Furthermore, it is known that the left and the right 
cerebral hemispheres of humans (as well as other higher primates and birds) do not 
handle all aspects of visual information processing in a similar way (e.g.. Brown & 
Kosslyn, 1995; Hellige, 1993b; Marsolek, 1992). In fact, each hemisphere is thought to 
be somewhat better than its counterpart in handling various components of visual 
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information (e.g.. Brown & Kosslyn 1995; Hellige, 1993b; Marsolek, 1992). For 
example, a recent EEG study of mental rotation by O'Boyle, Gill, and Hathaway (1998) 
showed that the RH mediates the primary visual encoding (along with bilateral occipital 
lobes) and the comparison of visual inputs, while it is the LH that subserves the image 
generation process and the actual rotation of the internally generated images (also, see 
Kosslyn, 1987,and Farah, 1995). 
In the next section, the focus is on hierarchical stimuli (i.e., a larger pattern 
composed of recognizable local parts) and how the LH and the RH play a differential 
role in processing hierarchical stimuli. 
Global Versus Local Visual Processing 
Current theories of visual processing, with respect to hemispheric specialization in 
local/global processing, posit both structural theories and allocation theories (Brown «& 
Kosslyn, 1995). According to structural theories, one or more subsystems of the brain 
have become specialized for local as compared to global processing by either LH or RH. 
In contrast, allocation theories posit that the hemispheres tend to employ different 
strategies (e.g., LH is more biased towards verbal strategies, and RH towards visio-
spatial). Although theoretically distinct, in many cases the allocation theories produce 
the same results as structural theories. So, the results found in the literature do not 
require the existence of hard-and-fast structural differences per se (see Cohen, 1982). 
No single study is able to explain in detail why or how visual recognition takes place. 
Thus, the issue of a structural versus allocation model is still open to debate. Both 
perspectives, however, would agree that at the neuropsychological level and the 
cognitive level, visual processing is componential. Hence, subtly different visual tasks 
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may invoke different component-processing subsystems, which may be differentially 
specialized or lateralized. 
Previous research has shown that all visual stimuli contain many levels of 
embedded structiu-e in which smaller (local) parts of the patterns are contained within 
larger (global) patterns or wholes (e.g., Navon, 1977). According to contemporary 
theories of visual information processing, this hierarchical organization is reflected in 
the internal representations that are used to code such visual information (Hellige, 
1993a), particularly as reflected in the specialized processes of the LH and the RH of the 
human brain (Lamb, Robertson, and Knight, 1990). Additionally, these two aspects of a 
visual pattern are relatively malleable, and the notion of global as compared to a local 
level of a visual input is dependent upon the context in which a given feature occurs. 
For example, leaves are local features of a branch, whereas a branch is local relative to 
the context of a whole tree. Thus, global versus local characteristics of visual stimuli are 
defined by their relative status in what might be considered an entire hierarchy of levels. 
This concept of hierarchical organization has been important for the development of 
various theories of visual information processing and, in particular, to the hypothesized 
role played by each cerebral hemisphere during such processing (e.g., Evans, Sheeden, 
Hevenor, & Hahn, 2000; Lamb et al., 1990; Martin, 1979; Martinez et al., 1997; Navon, 
1977; Robertson, 1986). 
Since the beginning of this century, the relationship between the perception of 
parts and wholes has been an issues in the study of visual perception (e.g., Kimchi, 1988; 
Kofka, 1935; Titchner, 1909; Uttal, 1988). There are two opposite views. According to 
the first view, an "overall picture" is built fi-om the analysis of its parts (e.g., Biederman, 
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1987). The second view states that the whole is perceived first and only later are parts 
extracted (Kimchi, 1988; Kof?ka, 1935). 
Related to these two views is the classic research of Navon (1977), who presented 
participants with hierarchically structured visual stimuli in which small upper-case 
letters were arranged to form a larger version of either the same letter or a different one. 
The global letters were 'H' and 'S' and they were composed of either local Hs or Ss. In 
this study, Navon used a technique in which participants either heard an 'H' or an 'S' 
spoken aloud, and then they wrote with their right hand indicating which of these letters 
they heard. At the same time, the participants were watching a visual pattern in which a 
hierarchically structured letter was flashed 40ms before the utterance began on half of 
the trials. The participants had to press a key with their left hands if there had been a 
flash (to ensure that the participants actually monitored the visual display). Navon found 
that response time depended on the auditory stimulus and the global-level letter (i.e., the 
large H or S). The participants were significantly faster when the global-level letter and 
the auditory stimulus were the same, and slowest when the auditory stimulus and the 
global-level letter conflicted. However, there was no difference in the response time 
depending on the relation of the local letter to the auditory stimulus. According to 
Navon, this selective interference of the global level was due to the fact that perception 
proceeds from the global level down to the local level (i.e., top-down processing). In 
other words, global-level features of a stimulus are perceived prior to local-level 
features. 
This global processing advantage (or precedence) has been attributed to the fact 
that the processing of global shape is both faster and more automatic than the processing 
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of the elements that comprise that global shape. However, there are factors that may 
either accentuate or attenuate this advantage. For instance, variation in absolute size, 
shape, distortion, sparsity, location, and subtended retinal image have each been shown 
to modify the global precedence. For example, Kinchla and Wolfe (1979) found that the 
relative speed with which the local or global levels were processed depended upon the 
visual angle of the stimulus pattern. The global forms were identified faster when the 
stimulus display subtended less than about 1° of visual angle, but local forms were 
identified faster with larger displays. 
Over the years, researchers have administered variants of Navon's task to patients 
with lateralized brain damage as well as to normal participants. Studies capitalizing on 
patients with lateralized brain damage have provided strong evidence of hemispheric 
asymmetry for the global versus the local level of processing in the brain (see Delis, 
Robertson, & Efi-on, 1986; Lamb et al., 1990; Robertson, Lamb, & Knight, 1988; 
Robertson & Delis, 1986). For instance, Robertson and colleagues demonstrated that 
visual processing of global and local information of stimuli is affected by focal cortical 
lesions. In one study, patients were asked to remember visual hierarchical stimuli 
consisting of larger forms constructed fi-om smaller forms (e.g., a large 'M' created fi-om 
small 'Zs'). Patients with unilateral RH superior temporal gyrus (STG) injury often 
copied the correct local featureal information fr^om their memory, but failed to arrange 
those local elements to produce the correct global pattern (e.g., they were able to 
produce a 'Z', but not an 'M'). In contrast, patients with unilateral LH STG injury often 
drew the correct global pattern, but had difficulty reproducing the local details (e.g., they 
were able to produce an 'M', but not a 'Z'). Thus, the posterior RH STG seems to play 
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an important role in processing global information, whereas the LH STG area is 
involved in processing local elements (Robertson, 1992). In addition, other studies with 
unilateral brain damaged patients have replicated the aforementioned results (e.g.. Delis 
et al., 1986; Lamb, Robertson, & Knight, 1989; Robertson & Delis, 1986). 
Patients with unilateral RH STG injury often produce the correct local 
information, but fail to arrange (or process) those local elements into a correct global 
pattern; in contrast, patients with unilateral LH STG injury often produced a correct 
global pattern, but have difficulty producing the local details. This pattern of findings 
suggests that the right and left STG differentially contribute to visuo-perceptive 
processing of global and local aspects of visual stimuli. 
Recently, some converging support for the differential specialization of the LH 
and the RH for global and local visual processing has come from regional cerebral blood 
flow (rCBF), fMRI, and event-related potentials (ERP) studies. For instance. Fink, 
Halligan, Marshall, Frith, Frackowiak, and Dolan (1996) conducted an rCBF study to 
delineate the brain areas that mediate local and global processes. In this study, 
participants were asked to attend to, and to name, either the global or the local letter 
comprising visually presented hierarchical stimuli. Fink et al. controlled for size effects 
by presenting both large and small hierarchical figures in a factorial experimental design. 
In their first experiment, a global/RH and local/LH pattern of advantage was obtained. 
In their second experiment, they modified the procedure such that a pre-selected target 
letter now appeared at either the global or the local level of the stimulus and the 
participants were required to say at which of the two levels the target had appeared (i.e., 
local/global). The rCBF recording indicated that when attention was directed to the 
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global aspect of the figure (i.e., the target was at the global level), the right lingual gyrus 
was activated, whereas locally directed attention activated the left inferior occipital 
cortex (Fink et al., 1996; Fink, Halligan, Marshall, Frith, Frackowiak, & Dolan, 1997) 
Martinez et al. (1997) used fMRI to explore the brain substrate associated with 
global and local processing of hierarchical stimuli. In their study, participants engaged 
in two tasks during the fMRI session: one with attention directed to the global level and 
one with attention focused on the local level. The participants' task was to keep a mental 
count of the number of times the target shape appeared at the attended level and to report 
the total number at the conclusion of the trial. The results indicated that the hierarchical 
visual patterns are partly processed bilaterally in homologous regions of 
occipitotemporal cortex. In addition, the asymmetrical distribution of activation under 
global and local conditions suggested that the processing capacities of the two 
hemispheres were not equivalent. The RH was more effective in processing global level 
information, while LH was biased towards local level processing. 
The neural mechanisms of global and local processing were also investigated by 
Heinze, Hinrichs, Scholz, Burchert, and Mangun (1998) with a combined rCBF and ERP 
study. They found that the N2 to local targets was larger over the LH, but the N2 to 
global targets tended to be slightly larger over the RH. However, the PI component and 
the rCBF data were not different for global versus local targets. In their view, these data 
indicated that the global and local processing are asymmetric at higher stages of 
perceptual processing (tapped by N2) and not at the earliest stages of visual cortical 
analysis (tapped by PI). And, a recent ERP study (Evans et al., 2000) further explored 
the temporal stages at which lateralized differences between the global and the local 
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processing first appear. The results of this study were consistent with the ERP results of 
Heinze et al. (1998) with a divided attention task showing processing asymmetries 
occurring at later stages. The findings from these neuroimaging techniques provide 
strong evidence for hemispheric specialization in global and local perception. 
Visual hierarchical stimuli also have been used to examine laterality in global/local 
processing with a visual half-field technique in neurologically normal participants. For 
example, Martin (1979) laterally presented hierarchically structured letters and found a 
LH superiority when participants had to name local letters and a non-significant trend 
towards a RH superiority when they had to name global letters. In a study conducted by 
Sergent (1982), participants had to judge whether or not the stimulus contained at least 
one target letter by pressing one of the two keys (target letters were H or L). Participants 
were to press a "yes" key if either the H or L or both appeared as large or small or both 
letters, and a "no" key if none of the targets were present. When the decisions were 
made on large (global) letters, the RH proved to be superior to the LH, while the LH was 
superior to the RH when only local letters were relevant. Sergent concluded that these 
differences were due to differential sensitivity of the LH to high spatial frequencies and 
the RH to low spatial frequencies. 
Hubner (1997) tested whether spatial frequencies were responsible for the 
observed global/local differences. He used unfiltered and highpass-filtered hierarchical 
stimuli presented to either the left or the right visual field. The highpass filtering 
eliminated the low spatial frequencies. The participants were required to classify the 
words by pressing one of two response buttons. The results revealed that low spatial 
frequencies were not necessary for either the global advantage or for hemispheric 
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differences. Highpass filtering merely increased the response time. From these results, 
Hubner concluded that both sensory and attentional control mechanisms are responsible 
for global precedence and for the hemispheric differences with regard to the local and 
global processing. 
Hubner (1998) investigated the hypothesis that the LH and the RH of the human 
brain are specialized for processing local and global stimulus information as a function 
of "same-different" judgments, with the RH producing faster "same" judgments than the 
LH and vice-versa for "different" judgments. To investigate this hypothesis, a matching 
experiment was conducted in which the hierarchical stimuli were presented either to the 
left or the right visual field. The results of this experiment supported the contention that 
the hemispheres are differently specialized for global and local processing. In addition, 
this study found no indication that the hemispheres differ with respect to "same-
different" judgments. 
The results of these visual half-field studies also have been replicated in lower-
order primates. For instance, Hopkins (1997) looked for hemispheric specialization for 
local and global processing of hierarchical visual stimuli in the chimpanzees (Pan 
troglodytes). In his study, a visual half-field paradigm was used in which there was 
unilateral presentation of global/local stimuli to either the LH or RH. The chimpanzees 
were required to accurately discriminate the comparison stimuli on the basis of global 
shape or local features relative to the target stimulus. An overall right visual fleld/LH 
(RVF/LH) advantage was found for local processing and there was a non-significant 
trend towards left visual field/RH (LVP/RH) for global processing. The results are 
consistent with Martin's (1979) study with college students, reported in detail earlier. 
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According to Hopkins (1997), this pattern of results suggests homologous specialized 
hemispheric processing capacities in chimpanzees and humans. And, Deruelle and Faot 
(1997) found similar results with baboons (Papio papio). 
The aforementioned studies with neurologically normal humans and other primates 
show that the RH is better at processing global stimuli and the LH is better at processing 
local stimuli. However, Alivisatos and Wilding (1982), Boles (1984), and Boles and 
Kamer (1996) have all failed to replicate these results. Thus, the findings from these 
visual half-field studies of global and local processing could be considered somewhat 
equivocal. Van FCleeck (1989), however, noticed that many of the non-significant results 
had trends in the prototypical direction, and his meta-analysis on these findings supports 
the contention that the LH is better for local and the RH for global processing. 
Some of the inconsistency in the studies may be related to the use of a selective 
attention task in which global or local attention is required for whole block of trials as 
compared to the use of a divided attention task in which both global and local levels are 
intermixed in a block of trials. According to Hubner (1997), the latter reduces 
hemispheric differences with regard to local and global processing. Other conflicting 
results may reflect the fact that the interhemispheric transfer of information (via the CC) 
is so efficient in the intact brain that hemispheric differences can be readily masked 
(Brown & Kosslyn, 1995). 
Taken in composite, the results of the aforementioned studies show that the use of 
visual hierarchical stimuli in perceptual tasks with neurologically normal participants (as 
well as in chimpanzees and baboons) and in memory tasks with unilaterally damaged 
patients yield converging results in which the LH appears to be better for local 
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processing of visual stimuli and the JIH is better for global processes. Albeit the results 
from visual half-field studies do not always reach significance in individual studies (e.g., 
Alivisatos and Wilding, 1982; Boles, 1984), a meta-analysis of the data yielded 
statistically significant evidence (Van Kleeck, 1989) that processing of the local aspects 
of a hierarchical stimuli is most efficient in the LH, whereas processing of the global 
level of structure is most efficient in the RH. 
Giftedness and Brain Function 
It is clear that there is measurable variability in human intelligence, and throughout 
history, attempts have been made to select the most promising individuals and provide 
them with appropriately rich and challenging experiences to suit their talents (Grinder, 
1985). Early studies on gifted children suggested the importance of envirormiental and 
intellectual factors in precocious individuals, but these studies did not rule out functional 
organizational differences (i.e., how the brain processes information) in the gifted brain 
that might predispose these children to precocity (e.g., Clark, 1976; Dark & Bebow, 
1993; Durkin, 1966; Strobel & Evans, 1988). 
Gitledness, like other psychological constructs, is difficult to define; hence, it is 
difficult to measure. However, measurement is necessary for cognitive 
neuropsychological research in giftedness (or any other higher abilities). According to 
Grinder (1985), different societies have operationalized giftedness on the basis of the 
needs of that society. For instance, better hunters were probably considered gifted in 
prehistoric society. However, as society became more complex, the conception of 
giftedness changed to superior cognitive abilities. 
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The contemporary views of giftedness are encompassed within the psychometric 
tradition which began with the work of Gallon (1869). For research purposes, giftedness 
is often equated with intelligence and IQ tests are often used as an indicator of 
intelligence. Intelligence tests are highly reliable such that if two versions of the same 
test are given within a short span of time, the correlation between the test scores remain 
very high (Detterman, 1994). Furthermore, IQ tests highly correlate with different 
measures of mental functioning as compared to any correlation that exists between any 
other kind of psychological test with other measures of its kind (Dark & Benbow, 1993). 
One view of giftedness applied to children is that it reflects precocity (e.g.. Dark & 
Benbow, 1993; Jackson & Butterfield, 1986). Gifted children are intellectually mature 
in that they function like older adults. The precocity view assumes that the differences 
between gifted and average ability children are quantitative rather than qualitative in 
nature. There is empirical support for the notion that giftedness is precocity (e.g., 
Jackson & Butterfield, 1986; Robinson, 1977). For example. Dark and Benbow (1990) 
indicated that mathematically talented youth and college students use similar problem 
representations, and that their performance is similar to each other, but better than the 
performance of average ability youth. In addition. Dark and Benbow (1993) also found 
some evidence that the gifted adolescents use metacognition (i.e., self-regulatory 
processes) like adult experts. 
Although there is substantial theoretical (Rabinowitz & Glaser, 1985) and 
empirical support (Dark & Benbow, 1990, 1993) for quantitative differences between 
gifted and non-gifted individuals, it should be noted that the existence of quantitative 
differences does not preclude the existence of qualitative differences. The view of 
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giftedness as precocity does not account for giftedness in adults and for the existence of 
savants. And, there is some neuropsychological evidence indicating that giftedness is 
associated with qualitative differences in brain functioning (e.g., O'Boyle et al., 1995). 
The current research also addressed potential qualitative and quantitative differences in 
brain functioning of gifted youth. 
Most researchers agree that all differences must ultimately be reflected in biology; 
hence, neuropsychologists hypothesize that there is a neurological substrate for high 
intelligence (e.g., O'Boyle et al., 1995). Studies of Einstein's brain have found more 
neuronal branching and a higher percentage of glial cells as compared to the brains of 
nongenious controls (Obler & Fein, 1988). One of the most hotly debated issues has 
been whether giftedness is a result of nature or nurture; or, in other words, is it heredity, 
environment, or both. 
The purpose of the current review is not to resolve this debate, but rather to 
examine whether there is evidence that the brains of mathematically gifted adolescents 
are functionally organized differently than the brains of average ability adolescents. 
That is, the purpose of this review is to delineate if there is a qualitative or quantitative 
difference (or both) between average ability individuals and mathematically gifted 
individuals. 
Neuropsychology of Giftedness 
One key question that underlies the nature-nurture debate is whether giftedness 
rests on some form of innate neurological difference, or whether anyone with the 
requisite environmental stimulation could perform al an outstanding level. This is not, 
strictly speaking, a distinction between biology and environment, because contemporary 
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research shows that the brain is very plastic and that experience does shape brain 
structure. For example, rats brought up in enriched environments develop more 
dendrites (Soffie, Hahn, Terao, & Eclancher, 1999). Similarly, the MRI technique has 
shown that the musicians with an early age of commencement of musical training have 
bigger CC in the midsagittal area (Gottfried et al., 1995), suggesting that the brain 
structures are influenced by the environment. Nevertheless, there is a fundamental 
difference between the two views: One view is that there exists an innate difference 
between gifted and non-gifted individuals. The other view tries to promote an 
environmental theory of talent. 
The aforementioned dichotomy, however, is probably an over simplification. 
Clearly, genetic factors need not be explicitly inherited from the family of talented 
individuals. For example, savants can be explained by something like a watershed lesion 
in which an unusual assignment of cells (or brain structures) can account for their 
unusual talent. Traditionally, these lesions occur around the language area of the brain 
such that basic language abilities are spared, but complex language abilities are impaired 
(e.g., the ability to initiate a conversation). According to Waterhouse (1988), these 
putative watershed lesions of LH in savants probably boost visual memory; that is, in 
many cases visual-cortex type tissue is reduplicated outside, but adjacent to, the visual 
cortex. However, there are other possible explanations regarding brain function in 
savants. For example, an impaired LH, which cannot mentally label objects, might free 
savants' memory from "bonds" of labeling, hence freeing up visuo-spatial processing 
which does not interfere with pattern memory or interhemispheric cormections 
(Waterhouse, 1988). Moreover, Benbow, Stanley, Kirk, and Zonderman (1983) found 
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that the strength of association of cognitive ability level between extremely intellectually 
precocious children and their parents is typically lower than the association strength for 
children in the population as a whole. In other words, extreme giftedness cannot be 
predicted solely from the fact that one has two bright biological parents. Hence, 
mathematical ability is not completely under inheritable genetic influence, but spatial 
ability (which is related to mathematical ability) does have some inheritable genetic 
influence (see McGee, 1979). 
Geschwind-Behan-Galaburda Model of Lateralization 
The concept of brain lateralization grew in the mid-19th century, when Broca and 
Dax first called attention to the functional asymmetry that exists between the two 
cerebral hemispheres with regard to language (Benson & Zaidel, 1985). Since then there 
has been compelling evidence, from both clinical and neurologicaly normal populations, 
for complementary hemispheric specialization. Broca's investigation into language 
lateralization represents a critical first step in the forming of a brain localization theory. 
Research in brain asymmetry was neglected, however, for many decades, and it was only 
after Roger Sperry and his colleagues' seminal work on the functioning of the surgically 
disconnected hemispheres in split-brain patients in the early 1950's (e.g., Sperry, 1952) 
that the functional asymmetry of the cerebral hemispheres became one of the more 
extensively studied aspects of brain and brain function. 
Present research in brain localization, using new imaging technologies, is allowing 
for considerably more precise information about the working of the brain in vivo. The 
broad generalization about lateralized functioning has recently given way to more 
systematic attention to individual differences (e.g., differences between male and female 
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brains, differences between gifted and average ability brains), and there has been more 
emphasis on the likely role of neurochemistry in both the development and expression of 
lateralized functioning (Bigler, 1996). 
Geschwind and Behan (1982) presented a set of hypotheses about the biological 
mechanisms of lateralization and the processes that lead to an asymmetrical nervous 
system. They proposed that a physiological mechanism affecting the brain structures and 
the immune system during intrauterine environment also plays a role in the 
determination of left-handedness, learning disabilities, and certain talents (e.g., 
mathematical ability). Their 1982 paper was followed in 1985 by three papers in the 
Archives of Neurology (Geschwind & Galaburda, 1985a, 1985b, 1985c), which were 
also published two years later in a book called Cerebral Lateralization (Geschwind & 
Galaburda, 1987). This theory encompasses a wide range of neuropsychological and 
biological phenomena and is referred to as the Geschwind-Behan-Galaburda (GBG) 
model of lateralization. The GBG model hypothesizes that left-handedness and immune 
disorders are related to exposure in fetal life to high levels of testosterone, and hence 
could be used to explain a surprising range of putative associations between left-
handedness and various diseases. 
According to the main tenets of the GBG model, high levels of fetal testosterone 
result in the following biological manifestations: (1) testosterone has a retarding effect 
on the growth of the left-hemisphere, with excessive exposure or sensitivity leading to 
the cognitive dominance of the RH, and therefore increased incidence of left-
handedness, and (2) testosterone affects the development of the thymus gland; that is, 
testosterone diminishes the size of the thymus gland during development, leading to 
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immune disorders and allergies (Dougherty, 1952; Frey-Wettstein & Craddock, 1970). 
The GBG model further hypothesized that the occurrence of excessive levels of 
testosterone would be more common in males than in females, because male fetuses are 
exposed to testosterone via two sources: their developing testes and the maternal ovaries. 
The GBG model of cerebral lateralization is one of the most comprehensive 
theories in neuropsychology and it provides a complex but testable explanation of the 
origins and associates of cerebral lateralization. According to the GBG model, 
asymmetries in the structure of the hemispheres may begin to appear at least as early as 
the period of neural migration. Gross alterations of symmetrical structures have been 
produced experimentally in monkeys, thus providing some evidence in support of this 
hypothesis (Goldman-Rakic & Rakic, 1984). Furthermore, Gordon (1983) found that 
the brain abnormalities in dyslexia can be attributed to alternation (i.e., atypical 
lateralization) in the cortex and connectionally related subcortical structures resulting 
from disturbances in neuronal migration and assembly. In some individuals the rate of 
migration to the left cortex is slower; this excessive delay can arrest and malform the 
development of the LH, thus leading to childhood dyslexia or to superior capacities in 
certain areas (e.g., artistic talents) and possibly to other developmental disorders 
(Geschwind & Galaburda, 1987). 
A meta-analysis of data related to the GBG model, however, suggests that it is not 
always supported by the empirical evidence. For example, McManus and Bryden (1991) 
evaluated the GBG model via meta-analysis of the relationship between handedness and 
immune disorders and found only a marginal overall association. They also reviewed 
the origins of the neural crest (i.e., the lips of the neural tube, that play a major role in 
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the formation of the nervous system) and its association with developmental disorders. 
Their review suggested that there is little empirical support for the GBG theoretical 
model in the area of cerebral lateralization. Furthermore, the concept of "anomalous 
dominance" (i.e., the combination of atypical handedness, and atypical language and 
visuo-spatial lateralization) is shown to be theoretically and methodologically flawed. 
For e.xample, Bryden, McManus, and Bulman-Fleming (1994) showed that anomalous 
dominance is poorly defined and fails to explain to what extent minor signs of left-
handedness or of reversed lateralization are indicative of an anomalous state of 
lateralization. Although MRI studies have been promising for the GBG model, there are 
some studies in which the size of the planum temporale (the LH language structure) has 
correlated with the magnitude and direction of hand preference, and asymmetry in the 
planum temporale reliably predicts anomalous dominance (e.g., Steinmetz & Galaburda, 
1991). 
The GBG model is still being evaluated, as evident by the fact that a special issue 
of Brain and Cogmtion(Vol. 26) in 1994 was totally devoted to the GBG model. Thus, 
the theory put forth in the GBG model retains an important legacy despite a few faulty 
assumptions and predictive failures. In addition, the negative aspects of the GBG model 
represent only a small part of this model's legacy, and the major theoretical effort put 
forward by Geschwind and colleagues has many enduring aspects. For example, the 
GBG model is probably the first general theory of cerebral lateralization that was largely 
physiologically based and was able to emphasize "biological" laterality, maturational 
factors, and a link between neurodevelopment disorders, superior talent, and medical 
illness. As a result of the GBG model, theorists can no longer simply speculate about 
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the origins of handedness or language lateralization. They will also be required to 
address such new questions as why dyslexic and precocious children are more prone to 
allergies, why left-handedness (i.e., nonright-handedness) is elevated among the 
mathematically gifted (as well as retarded and autistic populations), and why a myriad of 
other laterality phenomena occur. 
Despite its shortcomings, as a general theory, the GBG model cannot be easily 
replaced (Bryden et al., 1994). Previc (1994), found support for the GBG model. His 
research suggested that there exist certain associations among the major 
neurodevelopmental disorders and between certain medical conditions. For instance, 
two popular neuropsychological theories for language disorder are: (1) delay in 
development of the function of the language hemisphere and (2) dysfunction of the 
language hemisphere owing to some structural abnormality or biochemical imbalance. 
Guided by these theoretical considerations, and by the GBG model, O'Boyle and his 
colleagues have recently found a link between extreme mathematical precocity, left-
handedness, and biological sex (O'Boyle, Hoff, «& Gill, 1995). 
Giftedness and the GBG model 
Initially, Benbow (1986) found that left-handedness and immune disorders are 
more frequent in highly mathematically talented children (i.e., boys and girls who score 
at least 700 on the math portion of the Scholastic Aptitude Test before age 13). These 
findings were explained by suggesting that spatial abilities, which are mediated by the 
RH, are important in mathematics. Highly mathematically talented children may thus be 
reflecting enhanced RH development as suggested by the GBG model. Benbow (1986) 
also studied the incidence of myopia among the extremely talented, even though the 
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GBG model does not specifically include myopia, because her previous studies showed a 
relationship between myopia and high intelligence. Consistent with the GBG model, 
Benbow found that highly mathematically talented males are typically left-handed, 
myopic, and have a high incidence of allergies and migraine. The identification of these 
physiological correlates of mathematically giftedness led Benbow to advance a 
controversial proposal that enhanced RH development may be associated with extreme 
intellectual giftedness, especially in males. Since then, a series of studies (e.g., O'Boyle 
et al., 1991) have been published showing findings consistent with Benbow's hypothesis. 
In this section, I review some of the studies demonstrating that enhanced involvement of 
the RH during information processing in mathematically gifted students, especially 
gifted males. 
O'Boyle and colleagues contrasted the prototypical LH language/RH visuospatial 
functional organization of the normal brain with that of the gifted brain. O'Boyle and 
Benbow (1990) investigated this issue by employing a dichotic listening task and a ft-ee-
vision Chimeric face task with mathematically gifted and average ability participants 
(12-14 years old). This study was divided into two experiments. In the first experiment, 
mathematically gifted and average ability participants performed a dichotic listening task 
for consonant-vowel syllables. Capitalizing on previous research indicating that a 
dichotic listening task produces a strong LH advantage for syllables (e.g., Hellige & 
Wong, 1983), O'Boyle and Benbow predicted that average ability children would show 
the prototypical LH advantage, whereas gifted individuals would show little asymmetry 
or even possibly a RH advantage in this task. This prediction was based on the GBG 
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model's assumption that if the EIH of the giAed individuals is more developed, then it 
should play a greater role in basic information processing. 
In this study, 47 gifted participants (33 male, 14 female) selected from the 
Challenges for Youth-Talented and Gifted (CY-TAG) program at Iowa State University 
and 20 average ability control participants (12 males, 8 females) took part. Participants 
were similar in age, socio-economic status, and degree of right-handedness as measured 
by the Edinburgh Handedness Inventory. The stimuli consisted of six stop consonant-
vowel syllables (pa, ta, ka, ba, da, and ga). Each of six syllables was paired with every 
other syllable. The 30 dichotic pairs were presented in two sets, for total of 60 trials. A 
trial consisted of two syllables presented simultaneously, one to each ear, with equal 
loudness and time duration. On a given trial, participants were to circle the two syllables 
heard from a set of six syllables. The dependent variable was the mean number of 
correct syllable identifications for each ear/hemisphere. O'Boyle and Benbow (1990) 
found that overall, the right ear/LH was superior to left ear/RH in accurately identifying 
the syllables, and that gifted participants recognized significantly more syllables than 
average ability participants. Furthermore, their results were consistent with their 
hypothesis: Average ability participants showed the prototypical LH advantage whereas 
gifted participants showed little asymmetry (i.e., they were equally able to identify 
syllables with either ear). These findings suggested that the RH might be more involved 
in the gifted brain for the processing of even verbal materials. 
In the second experiment, O'Boyle and Benbow (1990) used the free-vision 
Chimeric face task to more directly test the involvement of the RH in the gifted brain. In 
the task, participants saw faces that had been split down the center and recombined so 
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that one half of the face was smiling and the other half was not. The participants' task 
for each pair was to judge which of the two faces appeared happier. The dependent 
variable was the number of choices in which the left side was smiling. Based on the 
previous research showing that the RH is primarily responsible for processing human 
faces and the determination of their emotional affect (e.g.. Levy, Heller, Banich, & 
Burton, 1983), O'Boyle and Benbow predicted that both gifted and average ability 
participants would show a RH bias in this task (i.e., the frequency would be higher for 
selecting the left-side smile/right-side neutral composites), but that the gifted individuals 
would show a stronger bias because of their hypothesized RH involvement. The results 
revealed that the gifted individuals chose the left-side smile/right-side neutral composite 
significantly more often than average ability individuals. Sex of the participant did not 
show any reliable interaction in this study. The findings were taken to indicate a 
stronger degree of RH involvement in the gifted brain relative to the average ability 
brain. 
Because this study only used perceptual tasks (i.e., tasks that did not require 
higher-order processing), the question of how enhanced RH involvement in the gifted 
brain may be related to higher order thinking was not addressed. Therefore, O'Boyle and 
Benbow correlated the degree of RH involvement (as reflected in left-side smile choices) 
with gifted students' combined SAT-Math and SAT-Verbal score. They found a 
significant correlation, indicating that the greater the RH bias, the higher the combined 
SAT score. This finding lends further support to the notion that the RH plays an 
important role in mathematically gifted adolescents. To my knowledge, the experiment 
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by O'Boyle and Benbow (1990) was the first to give empirical support to the idea that 
the RH plays an enhanced role in the function of the gifted brain. 
O'Boyle, Gill, Benbow, and Alexander (1994) used a concurrent finger-tapping 
task to obtain converging evidence that there is enhanced RH involvement in the gifted 
brain. Twenty-four gifted and 16 average ability males were asked to tap a keypad for 
10 seconds (first with one hand and then the other) while either remaining silent 
(baseline condition), reading a paragraph aloud (concurrent verbal load), or encoding a 
random form into memory (concurrent spatial load). The logic behind the concurrent 
finger tapping task is that in the concurrent verbal load condition, the LH would be 
forced to split its cortical resources between reading a paragraph, which is a linguistic 
task, and motor control of the right hand, and that this would lead to a reduction in right 
hand tapping. Similarly, in the concurrent spatial load condition, there would be a 
reduction in left-hand tapping because the RH would be forced to split its resources 
between encoding of the random form, which is a spatial task and motor control of the 
left hand. However, left-hand tapping should not be affected during the concurrent 
verbal task, and right-hand tapping should not be affected during the concurrent spatial 
task, as the LH bears little responsibility for spatial tasks and the RH bears little 
responsibility for linguistic tasks. Based on the hypothesis that the RH of gifted 
individuals is particularly involved during cognitive processing, O'Boyle et al. predicted 
that gifted participants would exhibit reduction in both their right-hand and left-hand 
tapping rates during a concurrent verbal task, whereas the average ability individuals 
would only show the prototypical right-hand decrement. Regarding the impact of the 
spatial task, they predicted that gifted participants would exhibit a significantly larger 
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reduction in left-hand tapping as compared to average ability participants due to 
enhanced RH involvement for the gifted during basic information processing. 
As predicted, the gifted individuals showed reduced tapping for both the right and 
left hands relative to base line during the concurrent verbal task, while average ability 
individuals showed only a right-hand reduction in tapping. The results of the concurrent 
spatial task were not clear, as both groups showed reduced finger-tapping rate for both 
hands relative to base line. According to O'Boyle et al., it could be that the particular 
spatial task used (i.e., encoding a random form into memory) involves contributions 
from both the RH and the LH. In summary, the results provided some converging 
evidence for the hypothesis that the RH of mathematically precocious males plays an 
enhanced role during basic information processing. 
The above findings are buttressed by an earlier experiment conducted by 
O'Boyle et al. (1991) designed to obtain direct physiological evidence that the RH is 
more engaged in the gifted as compared to average ability individuals, as such findings 
would give additional credence to the behavioral evidence obtained in previous 
experiments (O'Boyle & Benbow, 1990). O'Boyle et al. conducted an EEG 
investigation to determine if the pattem of hemispheric activation in precocious youth 
differs from that of average ability youth. In their study, mathematically gifted and 
average math ability participants were asked to gaze at a blank slide (baseline) to judge 
which of two chimeric faces appeared happier, and to determine if a word was a noun or 
verb. During each of these conditions, EEG activity was monitored at four brain sites 
(frontal, temporal, parietal, and occipital) over the RH and the LH. 
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The authors made two predictions. First, at the behavioral level, they expected to 
replicate their earlier results; that is, the gifted participants were expected to choose 
more often the left-side smile/right-side neutral composite as being the happier face. 
Second, at the physiological level, they expected the gifted participants to exhibit 
significantly greater RH activation than the average ability participants. The second 
prediction reflected their hypothesis that the gifted brain involves enhanced engagement 
of the RH. The results provided mixed support for the predictions. During chimeric 
face processing, the gifted participants exhibited a greater RH activation, while no such 
change in activation was observed in the average ability participants. For noun/verb 
determinations, no significant hemispheric differences in brain activity were obtained for 
either group. At baseline, the LH of the gifted group was found to be more active at all 
four brain sites relative to that of the average ability group, suggesting that the LH rather 
than the RH of the gifted is more active at rest. This finding was somewhat unexpected. 
From these results, O'Boyle et al. concluded that gifted individuals are superior in 
accessing, coordinating, and implementing the cortical resources of the RH. 
Furthermore, the gifted brain appeared to be characterized by the unique capacity to 
switch activation from one area of the brain to the other as evidenced by the impressive 
shift, exhibited by the gifted group, from LH activation at baseline to RH activation 
during chimeric face processing. They speculated that the results may be related to the 
enhanced metacognitive knowledge that typifies the mental functioning of the gifted 
brain. 
O'Boyle and his colleagues performed most of their studies with mathematically 
gi fted students, whereas Stroebel and Evans (1988) conducted a study with precocious 
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readers. They hypothesized that early readers would be superior to controls on tests 
believed to be sensitive to left posterior hemisphere fimctioning. This hypothesis was 
based on the empirical studies that have shown that the posterior portion of the LH tends 
to mediate reading (Friedman & Albert, 1985). For instance, people with damage to the 
left posterior hemisphere exhibit problems in reading. However, the results showed 
superior functioning on EIH measures for early readers. The only compelling 
environmental factor that significantly differentiated the two groups was that the early 
readers had been read to more frequently than the control group. These results show that 
in addition to mathematically gifted youth, early readers also exhibit greater RH activity. 
Taken in composite, these studies suggest that enhanced involvement of the RH 
during basic information processing typifies the ftinctional organization of the gifted brain. 
However, there is a paucity of research on the gifted brain, and the extant studies have not 
determine whether gifted children differ from average ability children on many other 
dimensions of individual variations. One unexamined question is whether or not various 
dimensions of hemispheric asymmetry and interhemispheric interaction are correlated with 
giftedness. 
The current study examined differences between mathematically gifted adolescents, 
average ability adolescents, and college students with regard to how their hemispheres 
communicate during visual information processing of hierarchical stimuli. It examined how 
the left and right hemisphere interact when all the information is presented in one visual field 
or both visual fields as compared to a condition in which information from both visual fields 
is necessary to make a decision. This study also looked at the difference between the average 
ability adolescents, college students, and the mathematically gifted adolescents in terms of 
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functional differences in their brain organization (i.e., how they transfer cognitive 
information between hemispheres), which could provide insight regarding anatomical 
differences in their brains (e.g., differences in the CC). 
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THE CURRENT RESEARCH 
Introduction 
Hemispheric interaction in the normal brain can be viewed as an example of 
intermodular communication (Zaidel, 1995). As mentioned earlier, during interhemispheric 
communication, sometimes one hemisphere dominates the processing of information, at other 
times both hemispheres compute information in parallel, and in many cases they share the 
intermediate results of their independent processing. The main assumption of 
interhemispheric communication is that the structure of the brain determines the type of 
interhemispheric interaction; hence, tasks that require interhemispheric interaction can reveal 
the structure and function of the CC in different groups of individuals. 
Unilateral Versus Bilateral Presentations 
The paradigm typically employed to investigate interhemispheric processing 
compares a subject's performance on unilateral trials, in which information is projected 
briefly to either LVF/RH or RVF/LH, with performance on bilateral redundant trials, in 
which identical information is simultaneously directed to each hemisphere (see Banich & 
Shenker, 1994; Hellige, 1993b; Hellige, 1996; Marks & Hellige, 1999). By comparing 
performance on unilateral trials with performance on bilateral trials, one can examine 
interhemispheric interaction between the two hemispheres and determine the processing 
strategy that is engaged (Hellige, 2000). Furthermore, hemispheric competency (as revealed 
by unilateral trials) and hemispheric connectivity (as revealed by bilateral trials) can reflect 
differences in callosal cormectivity across individuals (Zaidel, Clarke, & Suyenobu, 1990). 
The results from the unilateral and bilateral presentations depend, among other things, 
on the competence of the two cerebral hemispheres for the given task. Additionally, the 
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magnitude and direction of any hemispheric differences in processing of such inputs (or the 
production of outputs) are related to two factors. The first factor is the efficiency for 
specialized tasks (global/local analysis in this study) in the hemisphere directly receiving the 
input. The second factor involves the speed and accuracy of any interhemispheric 
transmission that may occur when hemispheric specialized inputs are presented to the non-
specialized hemisphere or simultaneously to both hemispheres, thus allowing some form of 
information exchange between hemispheres via the CC (Zaidel & Rayman, 1992). 
The research into hemispheric interaction has suggested that cross hemisphere 
processing is not simply "the sum of its parts" (Dimond & Beaumont, 1971; Hellige, 1993b; 
W'eissman & Banich, 2000), and thus performance on bilateral trials cannot be predicted by 
the pattern obtained on unilateral trials. There are many ways bilateral presentations may be 
similar to or different from unilateral presentations. For instance, the overall reaction time 
for bilateral presentations may be higher or lower than the unilateral reaction time or it may 
be equal to one of them. Also, the pattern of performance may resemble one visual field 
rather than the other, suggesting that the strategy used in bilateral presentation is the same as 
that used by one hemisphere. Therefore, individuals who have greater hemispheric 
asymmetry may show better performance on a task with a stable locus of control (e.g., a 
dichotic listening task) when the information is unilaterally projected to the specialized 
hemisphere. Whereas, individuals with better callosal connectivity (or weaker hemispheric 
competence) may perform better with bilateral trials. 
During bilateral redundant presentations, identical copies of the stimuli are 
simultaneously projected to both visual fields, whereas during bilateral cooperative 
presentations, half the information is simultaneously projected to each visual field. Thus, 
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bilateral redundant presentations do not require explicit interhemispheric interaction because 
both hemispheres have the identical information necessary to perform the required task. 
Bilateral cooperative presentations, however, absolutely require hemispheric interaction 
because information is divided between the opposite visual fields and must be compared to 
perform the required task. 
It is possible that the performances on bilateral redundant and bilateral cooperative 
presentations are identical, which would suggest that similar brain processes are involved 
during these two types of presentations. A different patterns of results for the two bilateral 
presentations would indicate that different brain processes are involved for cooperative and 
redundant presentations. If performance is better on cooperative trials as compared to 
unilateral and redundant trials, then one could say that the two hemispheres are better than 
one If performance is better on redundant trials as compared to unilateral and cooperative 
trials better on cooperative trials, then one could say that two stimuli are better than one. 
Over>'iew of Experiments aud Predictions 
The standard interhemispheric logic of comparing unilateral versus bilateral 
presentations was employed in the current study. The design of the present experiments, 
however, differed in two ways from the typical method employed in interhemispheric studies 
(e.g., Hellige, Jonsson, & Michimata, 1988). First, in addition to bilateral redundant trials 
where identical information is presented to each hemisphere, there were bilateral cooperative 
trials where half the information is presented to the LH and the other half is presented to the 
RH. Second, unilateral trials always contained two hierarchical stimuli, one above the other. 
A detailed description of the paradigm is presented in the method section. 
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The current study utilized lateralized and bilateral presentations of hierarchical 
patterns. The task required a match/mismatch comparison on either their global 
configuration or the identity of the local elements comprising them. Participants were 
mathematically gifted adolescents, average ability adolescents, and college students. Of 
particular interest is whether or not dividing an input between the two visual fields is 
associated with a processing advantage (or penalty) as compared to unilateral presentation to 
a single visual field. And, specifically, whether any pattern of advantage (or disadvantage) in 
processing visual information under different conditions is the same for mathematically 
gifted adolescents, average ability adolescents, and college students. 
Some possible outcomes in terms of reaction time for bilateral versus unilateral 
presentation of the global/local stimuli are summarized in Figure 2. The patterns in all panels 
show typical results for the unilateral presentations (i.e., the RH advantage for global 
processing and the LH advantage for local processing). The patterns in panels A and B 
reflect RH metacontrol during cooperative presentations for both local and global processing, 
as might occur if the RH is responsible for integrating the information in the brain. RH 
metacontrol is illustrated by the fact that processing speed is equivalent for the unilateral 
LVF/RH trials and the cooperative trials. Notice that metacontrol need not be associated 
with the most efficient hemisphere. Panel C and D depict LH metacontrol for redundant 
presentations for both local and global processing. There are other theoretically possible 
outcomes for the bilateral cooperative and redundant trials. Basically, cooperative and 
redundant presentations could be better, worse, or the same as unilateral trials. It is also 
possible that the cooperative and the redundant trials show different performance in regard to 
each other. 
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Figure 2. Theoretically possible relations between unilateral and bilateral (cooperative 
and redundant) trials during global and local processing. 
Better performance during cooperative trials would suggest that the two hemispheres 
are more efficient than one (better interhemispheric interaction), while better performance on 
redundant trials would indicate that two stimuli are better than one (redundancy gain). 
In this study, I expected to replicate the previously reported processing advantages for 
global/local information unilaterally presented to the right/left hemispheres respectively, for 
average-ability adolescents and college students. The mathematically gifted adolescents, 
however, were not expected to demonstrate the prototypical effect because previous studies 
have shown that their brain organization is more bilateral, due to enhanced development of 
the RH (O'Boyle et al., 1995). Additionally, there is some research which suggests that the 
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interhemispheric transfer of information (via the CC) is so efficient in the gifted brain that it 
readily masks the hemispheric differences (Strauss et al., 1994). 
This study is designed to further explore individual differences in the conUibution of 
interhemispheric relations with regard to global and local processes. Specifically, it 
examines the role hemispheric specialization for global and local processing and the role 
played by callosal connectivity in bilateral presentations. An interhemispheric model for 
the bilateral presentations could show that when local decisions are to be made, then the LH 
shows metacontrol, and when global decisions are to be made, then the RH shows 
metacontrol. However, research in the last decade has shown that the hemisphere with the 
greater ability to perform a particular type of analysis does not necessarily assume 
metacontrol during bilateral processing. In fact, as shown in Hellige et al. (1989), there 
was a reverse dissociation between hemispheric specialization and hemispheric dominance 
on a bilateral CVC matching task, where the EIH assumed metacontrol for a CVC matching 
task even though it had been shown on previous unilateral trials to be less adept than the 
LH for making such matches. 
In the current research, I am particularly interested in determining which hemisphere 
will assume responsibility for global/local processing for college students, average-ability 
adolescents, and mathematically gifted adolescents: (1) when both hemispheres have 
direct access to the information for performing global/local matches (i.e., bilateral 
redundant trials), and (2) when the information necessary to perform such matches is 
divided between the visual fields/hemispheres, forcing them to exchange information to 
successfully perform the task (i.e., bilateral cooperative trials). This study attempts to 
determine whether college students, mathematically gifted adolescents, and average 
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ability adolescents show differential brain fimctioning for basic visual information 
processing. For example, if one group is better on the cooperative trials, that will suggest 
that they have more efficient hemispheric communication via the CC. On the other hand, 
if one group is better on the redundant trials, that will indicate that their processing is 
better when duplicate information is available (i.e., redundancy gain). 
Experiment 1: Redundant 
In Experiment 1,1 used the typical global/local processing design to examine 
hemispheric specialization and interhemispheric relationships. Participants were presented 
with pairs of hierarchical stimuli presented unilaterally to the LVP/RH or RVF/LH or 
bilaterally to both hemispheres. Performance in this task typically reveals hemispheric 
specializations with LH faster than RH for local processing, and RH faster than the LH for 
global processing. However, if mathematically gifted adolescents have less specialized 
brains, they should not show the typical pattern. 
Method 
Participants 
Sixty right-handed males (18 mathematically gifted adolescents, 18 average math 
ability adolescents, and 24 college students) participated in this experiment. As I was 
investigating issues related to information processing of the left and the right cerebral 
hemispheres, I utilized participants in whom these fiinctions are thought to be most 
lateralized (McGlone, 1980). Therefore, I used only right-handed males. All participants 
were right-handed as assessed by a modified version of the Edinburgh Handedness Inventory 
(Oldfield, 1973). The modified version of Edinburgh Handedness Inventory (see Appendix 
A) contains eight items designed to determine the hand used when performing the following 
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tasks: "writing," "drawing," "throwing," "using a scissors," "using a toothbrush," "using a 
knife without a fork," "using a spoon," and "striking a match." All research participants used 
in this research responded "usually right" or "always right" to at least six of the eight tasks. 
The mathematically gifted group consisted of 18 right-handed male students recruited 
from the Challenges for Youth-Talented (CY-TAG) program which takes place each summer 
at Iowa State University. Members of the gifted group had completed the or S"" grade 
( m e a n  a g e  1 3 . 7  y e a r s ) .  A l t h o u g h  t h e  S A T - M a t h  t e s t  i s  t y p i c a l l y  n o t  t a k e n  u n t i l  1 g r a d e ,  
highly gifted individuals take it earlier in order to qualify for the programs like CY-TAG. 
The mean SAT-Math score for the gifted group was 620 (SD = 73), ranging from 540 to 760. 
The SAT-Math scale minimum is 200 and the maximum is 800. The average SAT-Math 
score for college-bound seniors is 500 (Stanley & Benbow, 1983); all mathematically gifted 
adolescents who participated in this study were above this score. 
The average ability control adolescents comprised 18 right-handed males who were 
recruited from the Ames Middle School and from the local Boys and Girls Club. Each 
member of the average math ability group had completed 7"^ or 8'*^ grade (mean age 13.1 
years). No one in this group had taken the SAT-Math exam and no one reported taking any 
advanced math class in school. Self-report was used to screen participants in both adolescent 
groups for neurological damage, neurological disorder, developmental disabilities, eyesight, 
and current medication use. Two gifted and three average ability participants were excluded 
from the current study on the basis of this preliminary screening procedure. Informed 
consent was obtained from each participant (and his parents) prior to participation in the 
study. These mathematically gifted and average math ability adolescents were paid S7.50 
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each for their participation. Twenty-four right-handed college males enrolled in Introductory 
Psychology classes also participated in this study in exchange for extra-credit points. 
Stimuli 
The stimuli consisted of black vertical pairs of hierarchical (compound) letters on a 
white background. The stimuli were constructed using the Microsoft Paintbrush software 
program. The size of the global letters measured 2.7cm high x 3.0 cm wide, and the local 
letters comprising these global letters measured 0.5cm high x 0.5cm wide. At a viewing 
distance of 45cm, the vertical pairs of global letters subtended a visual angle of 7.39° 
vertically and 3.09° horizontally, and the local letters subtended a visual angle of 0.64° 
vertically and 0.64° horizontally. On unilateral trials the innermost edge of the pattern 
(hierarchical stimuli) appeared 3.1° (8.5cm), to the right or left of fixation. On bilateral 
trials, the same pattern appeared simultaneously, 3.1° to the right and 3.1° to the left of 
fi.xation. 
Eight hierarchical patterns from Robertson, Lamb, and Zaidel's (1993) stimulus set 
were used in this experiment. They were the capital letters 'H', 'S', 'R', and 'E' made up of 
smaller local elements (again capital letters 'H', 'S', 'R', and 'E'). Four patterns had the same 
letters at the global and local levels and were consistent (a global H, S, R, and E created from 
locals Hs, Ss, Rs, and Es), and four had different letters and were inconsistent (a global H 
created from local Ss and a global S created from local Hs, a global R created from local Es 
and global E created from local Rs). Pairs consisted of Hs and Ss or Rs and Es. Both the 
consistent and inconsistent H stimuli were paired with themselves, with each other, with the 
consistent S, and with the inconsistent S, yielding eight stimulus pairs. Another set of eight 
stimuli were constructed with the locations switched (i.e., the H was on bottom). An 
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analogous set of 16 stimuli were constructed with the Rs and Es. Thus, 32 vertical pairs of 
hierarchical stimuli were created, 16 matching at the global level and 16 matching at the local 
level. Example stimuli are shown in Figure 3. 
Apparatus 
The Micro Experimental Laboratory Professional software program (Schneider, 
1988) was used in conjunction with an Apex 486 microcomputer with a VGA color monitor 
to present stimuli, control exposure times, and collect accuracy and response latency data for 
each participant. The experiment was run under microcomputer control, and luminance and 
contrast were kept constant during the duration of the experiment. The computer keyboard J 
(labeled "match") and K (labeled "mismatch" ) were used to register participant responses. 
Procedure 
On each trial the participant focused on a central fixation point (an asterisk) and then 
pressed the space bar (with the hand that was not being used for responding to the stimuli) on 
the computer keyboard when ready to proceed. One second later, two hierarchical letter 
stimuli were projected one above the other for 160 msec. The letter pairs appeared either in 
the LVF/RH, the RVF/LH, or redundantly to both visual fields/hemispheres simultaneously 
(see Figure 3). Participants were instructed to decide whether the two figures matched or 
mismatched, based upon either their global configuration or the local elements comprising 
them. Thus, when individuals were looking for global matches, they were ignoring local 
elements and vice-versa. This was a between blocks manipulation. The computer was used 
to record errors and response latencies. 
Data were collected in two blocks of 120 trials for each condition (i.e., global and 
local). There were tvvo sets in each block containing 60 trials. Twenty trials were presented 
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Figure 3. Examples of stimuli used in Experiment 1 for LVF/RH, RVF/LH, and 
Redundant. 
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at each visual field; the order was random. Stimuli were randomly selected on each trial with 
the constraint that half of the trials at each visual field be matching trials. At the beginning 
of each set, participants changed their hand of response and 10 practice trials were presented. 
Half of the participants started with the left hand and the other half with the right hand. Half 
of the participants started with the global blocks and the other half with the local blocks. 
Participants were told to respond as quickly and as accurately as possible. 
Results 
Reaction Time Data 
The mean reaction times for correct responses by group, level, and visual field are 
presented in Table 1. A preliminary analysis including hand (left/right) and response 
(match/mismatch) showed that the reaction times for the right hand were faster than for the 
left hand, and there was a significant time advantage for match trials as compared to 
mismatch trials. However, the hand and type of response variables did not interact 
significantly with any other variable; therefore, these variables were not included in the main 
analyses. 
The mean reaction times for correct responses were evaluated using a 3 group 
(gifted/average ability/college students) x 2 level (global/local) x 3 visual field (LVF, RVF, 
and redundant) mixed design Analysis of Variance (ANOVA), with group serving as a 
between subject variable and level and visual field serving as within subject variables. The 
results of this analysis revealed a significant main effect for level, F(I,57) = 31.68, MSE = 
1644, £<.01, with global responses (947 msec) being quicker than local responses (1070 
msec). There was a significant main effect for group, F(2, 57) = 2.97, MSE = 96,019, £<.01. 
Comparisons among the means using the Bonferroni procedure showed that the gifted 
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adolescents (955 msec) and the college students (957 msec) did not differ in reaction time 
and that both were significantly faster than the average ability adolescents (1043 msec). 
There was a significant main effect for visual field, F(2,l 14) = 41.42, MSE = 1047, £"^.01, 
but, as expected fi-om the literature, it was qualified by a significant Level x Visual field 
interaction, F(4, 114)= 14.10, MSE = 6450, £<.01. No other interactions were found to be 
statistically reliable. 
Table 1. Mean Reaction Times (msec) for Different Groups and for Each Experimental 
Condition (LVF/RH, RVF/LH, and Redundant). 
Global Processing 
LVF/RH RVF/LH Redundant 
RT SD RT SD RT SD 
Math Gifted Adolescents 855 146 861 180 869 158 
Average Ability Adolescents 953 184 950 175 968 173 
College Students 849 121 889 170 908 159 
Local Processing 
RT SD RT SD RT SD 
Math Gifted Adolescents 1052 189 1035 218 1060 192 
Average Ability Adolescents 1156 224 1035 218 1146 236 
College Students 1082 164 997 188 1017 182 
Although the overall analysis suggested that the Visual field x Level interaction was 
similar for all groups, the focus of the current research was on possible group differences in 
the role that the LH and the im might play in global and local processing in hemispheric 
communication and control. To examine these issues, paired sample t tests were used to 
compare the response times for the unilateral trials and the bilateral trials within each group 
(mathematically gifted adolescents, average ability adolescents, and college students). 
For college students, the LVF/RH was faster than the RVF/LH for global trials, t (23) 
= 2.36, SE = 47.0, g <.01, and the RVF/LH was faster than the LVF/RH for local trials, t (23) 
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= 2.10, ^  = 40.7, B <.01. Thus, the differences between unilateral trials were as expected 
from the literature. The LVP/RH was faster than the redundant condition, t (23) = 3.18, SE = 
36.0, 2 <-01, at the global level, but the RVF/LH was not different. For the local level, the 
LVF/RH was slower than the redundant condition, t (23) = 2.41, SE = 45.4, ^ <-01, but the 
RVF/LH was not different. The comparisons between the unilateral trials and the bilateral 
redundant condition suggest that the LH shows metacontrol when information necessary to 
make global/local matches is redundantly available to both hemispheres. 
The average ability adolescents were faster with the RVF/LH than the LVF/RH for 
local trials, t (17) = 1.94, SE = 35.7, g <.05, but there was no difference between the 
unilateral conditions for global trials. None of the comparisons between the unilateral and 
the bilateral redundant conditions were statistically reliable for the average ability 
adolescents. Thus, although there was some evidence of LH specialization for local 
processing, there was no evidence of metacontrol in the average ability adolescents. 
The mathematically gifted adolescents did not show any reliable differences between 
the unilateral conditions for either global or local trials. They also did not show any 
differences between the unilateral and the bilateral redundant conditions. Thus, there was no 
evidence of hemispheric specialization in the gifted group. 
Error Data 
The mean number of errors (out of 40) is shown in Table 2 as a fiinction of group, 
level, and visual field. The error data were evaluated using a 3 group (gifted/average 
ability/college students) x 2 level (global/local) x 3 visual field (LVF, RVF, and redundant) 
mixed design ANOVA, with group serving as a between subjects variable and level and 
visual field serving as within subject variables. The analysis revealed a significant main 
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effect for level, F(l,57) = 9.192, MSE = 125.5, E<.01, with the local level (9.1) having more 
errors than the global level (6.3). There were no other significant main effects or interactions. 
Inspection of the numeric differences among the conditions showed that errors tended to be 
higher under conditions that yielded slower reaction times. Thus, there was no evidence of a 
speed-accuracy tradeoff 
Table 2. Mean Number of Errors (out of 40) for Different Groups and for Each 
Experimental Condition (LVF/RH, RVF/LH, and Redundant). 
Global Processing 
LVF/RH RVF/LH Redundant 
Errors SD Errors SD Errors SD 
Math Gifted Adolescents 5.3 2.4 4.9 2.1 6.2 2.6 
Average Ability Adolescents 6.1 2.6 6.3 2.2 6.9 2.9 
College Students 4.1 2.1 4.6 2.1 4.2 2.3 
Local Processing 
Errors SD Errors SD Errors SD 
Math Gifted Adolescents 8.1 3.5 7.9 3.2 8.6 3.6 
Average Ability Adolescents 11.1 4.6 9.9 3.4 12.3 4.2 
College Students 7.2 3.2 7.5 3.1 8.1 3.3 
Discussion 
The results showed several differences expected from the literature. First, the 
findings of this study were in accordance with previous investigations of visual hierarchical 
stimuli showing that global trials generally yield faster responses than local trials. Second, 
mathematically gifted adolescents were faster than average ability adolescents (e.g., Dark «& 
Benbow, 1990,1993; O'Boyle et al., 1995) and similar to college students (Dark & Benbow, 
1990, 1993). Third, for college students the pattern of results found were consistent with the 
findings of previous research with adults that the RH and LH are superior for global versus 
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local processing, respectively (e.g., Heinze et al., 1998; Hubner, 1997, 1998; Martin 1979; 
Robertson et al. 1993; Sergent 1982). 
Also of considerable interest is the fact that for college students, there was no reliable 
difference between the LH and the bilateral redundant trials in either the global or local 
processing modes. This result suggests that when the information necessary to perform a 
given task is redundantly available to the hemispheres, the LH assumes responsibility for 
performing the task. That is, the LH shows metacontrol even though on unilateral trials, it 
was less adept than the RH in making global matches. This finding is congruent with the 
suggestion by Hellige (1993b, 1996) that the term metacontrol should not imply control by 
the hemisphere with greater specialization for performing a given task. 
Average ability adolescents showed the prototypical results for local processing with 
the LH better than the RH, a finding which is consistent with the previous research on adults. 
However, there was no difference between the LH and RH for global processing. There may 
be several reasons for the failure to find a global processing advantage in the EIH for the 
average ability adolescents. First, there may indeed be no special relationship between 
global processing and the RH for the average ability adolescents. Adolescents may have 
more bilateral brain functioning than adults (Bradshaw, 1989; Hellige, 1993a; Witelson, 
1987), and as a result, their brain may not yet have specialized global processing in the RH. 
Second, this study used a selective attention task in which the global/local trials were 
blocked (i.e., the target levels remained constant for the whole block of trials). According to 
Hubner (1997), such selective attention tasks produce small hemispheric differences as 
compared to divided attention tasks in which global and local trials are intermixed (i.e., 
where target level changes randomly fi-om trial to trial). In fact, most of the studies in the 
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literature that did not find global/local processes to be lateralized employed selective 
attention tasks. It should be noted, however, that this study did find global/local processes to 
be lateralized for college students. 
Third, global processing is easier than local processing (e.g., Kimchi, 1992; Kimchi 
& Goldsmith, 1992; Navon, 1977; etc.), as evident in this study from the longer response 
time for local decisions as compared to the global decisions for all three groups. Several 
previous studies have demonstrated that a hemisphere advantage is enhanced as task 
complexities are increased, perhaps because the extended time required for processing a 
difficult task allows greater opportunity for a significant asymmetry to rise (e.g., Banich & 
Belger, 1990; Banich & Shenker, 1994; Gazzaniga, 1975; Hellige, 1993a; Myers, 1962; 
Patterson & Bradshaw, 1975; Weisman & Banich, 2000, etc.). Also, in line with this 
possibility, several earlier studies found lateralization for local processing but not for global 
processing (Christman & Weiner, 1997; Martin, 1979). Again, however, it should be noted 
that the college did show lateralization even though they were faster and made fewer errors. 
The gifted youth performed equally well in LVF/RH, RVF/LH, and the redundant 
conditions during both local and global processing. This finding suggests that the functional 
organization of the gifted brain is somewhat different as compared to the average ability 
individuals and college students. These findings dovetail nicely with the previous findings 
that suggest bilateral involvement of the hemispheres in gifted adolescents during 
information processing tasks (e.g., O'Boyle et al., 1995). 
Experiment 2: Cooperative 
In Experiment 1, the LH showed metacontrol for the college students during the 
bilateral redundant condition when both hemispheres had access to the information needed to 
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perform the global/local matches. Neither the gifted nor the average ability group showed 
any evidence of metacontrol. In Experiment 2,1 wanted to examine what happens in a 
bilateral cooperative condition when the information necessary to perform global/local 
matches is divided between the visual fields/hemispheres, forcing the LH and the RH to 
exchange information to successfiilly perform the task. Specifically, this experiment 
examined if there would be any kind of metacontrol (by the RH or the LH) during the 
cooperative condition for any of the groups. Also of interest were between group 
differences. In Experiment I, the mathematically gifted adolescents performed like the 
college students in terms of speed, but they did not show lateralization. If gifted adolescents 
have more bilaterally organized brains, then they should perform better than college students 
in the cooperative condition when the information to perform the global/local matches is split 
between the hemispheres and hemispheric cooperation is mandatory to successftilly complete 
the task. Thus, Experiment 2 had two purposes: first, to determine whether or not either 
hemisphere shows metacontrol for any group and second, to determine whether one group is 
better during forced hemispheric cooperation. 
Method 
Participants 
Sixty right-handed males participated in this experiment. A new group of 24 college 
right-handed males participated in this experiment in exchange for extra-credit points. The 
same set of 18 mathematically gifted adolescents and 18 average math ability adolescent 
were again utilized in this study. 
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Stimuli 
The stimuli employed in Experiment 2 were constructed in the same marmer as those 
employed in Experiment 1. The unilateral trials in the Experiment 2 were exactly same as 
those of Experiment 1, but on the bilateral cooperative trials, one member of the letter pair 
was presented to the LVF/RH while the other letter of the pair was presented simultaneously 
to the RVF/LH. In contrast to the bilateral redundant trials of Experiment 1, the bilateral 
cooperative trials of Experiment 2 required that the hemispheres exchange information to 
successfully perform the task. The bilateral cooperative condition stimuli were constructed 
from the bilateral redundant condition; the bottom-to-top diagonal global letters were 
removed from the redundant trials, then both remaining letters were aligned with each other 
with respect to the fixation point to create cooperative trials (see Figure 4). At a viewing 
distance of 45cm, the single global hierarchical letters presented in the cooperative condition 
each subtended a visual angle of 3.18° vertically and 3.09° horizontally and were presented 
3.1° left and right of fixation. 
Apparatus 
The apparatus was identical to that of Experiment 1. 
Procedure 
The procedure was identical to that of Experiment 1. 
Results 
Reaction Time Data 
Table 3 shows mean reaction times for correct responses by group, level, and visual 
field. A preliminary analyses including hand (left/right) and response (match/mismatch) 
showed that the reaction times for the right hand were faster than the left hand, and there was 
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Figure 4. Examples of stimuli used in Experiment 2 for LVF/RH, RVF/LH, and 
Cooperative. 
a significant time advantage for match trials as compared to mismatch trials. However, the 
hand and type of response variables did not interact significantly with any other variable; 
therefore, these variables were not included in the main analyses. 
Table 3. Mean Reaction Times (msec) for Different Groups and for Each Experimental 
Condition (LVF/RH, RVF/LH, and Cooperative). 
Global Processing 
LVF/RH RVF/LH Cooperative 
RT SD RT SD RT SD 
Math Gifted Adolescents 843 140 856 160 810 156 
Average Ability Adolescents 952 173 948 185 970 189 
College Students 840 96 903 134 863 139 
Local Processing 
RT SD RT SD RT SD 
Math Gifted Adolescents 1038 148 1034 163 991 135 
Average Ability Adolescents 1105 194 1051 222 1145 187 
College Students 1092 134 1020 153 1133 193 
The mean reaction times for correct responses were evaluated using a 3 group 
(gifted/average ability/college students) x 2 level (global/local) x 3 visual field (LVF, RVF, 
and cooperative) mixed design ANOVA, with group serving as a between subjects variable 
and level and visual field serving as within subject variables. The results of this analysis 
revealed a significant main effect for level, F(l,57) = 46.66, MSE = 1599, e^^.OI, with global 
responses (932 msec) being quicker than local responses (1023 msec). There was a 
significant main effect of group, F(2, 57) = 3.56, MSE = 76,022, £<.05. Comparisons among 
the means using the Bonferroni procedure showed that the gifted adolescents (929 msec) 
were significantly faster than the average ability adolescents (1029 msec). However, the 
college students (975 msec) were not significantly different fi-om either the average ability or 
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the gifted adolescents. There was a significant main effect for visual field, F(2,l 14) = 63.22, 
MSE == 1188, E<.01, that was qualified by a statistically reliable Group x Visual field 
interaction, F(4,l 14) = 18.66, MSE = 1370, £<.01. The three-way Group x Level x Visual 
field interaction was also significant F(4,l 14) = 2.42, MSE = 1685, £<.01. 
The three-way interaction was first examined in terms of between-group differences. 
A one-way ANOVA was conducted for each visual field and level combination with group 
serving as a between subject variable. There was a reliable group effect for the global 
cooperative condition, F(2,57) = 4.64, MSE = 18,696, £<.02. There was also a group effect 
for the local cooperative condition, F(2,57) = 4.44, MSE = 30,954, £<.02. None of the 
unilateral conditions showed significant group effects. Comparisons using the Bonferroni 
procedure showed that the mathematically gifted adolescents were significantly faster than 
both the average ability adolescents and the college students during the cooperative condition 
for both the global and the local levels. The college students and the average ability 
adolescents did not differ fi-om each other during the cooperative conditions. 
The three-way interaction was examined for visual field differences within each 
group by paired sample t tests, the procedure employed in Experiment 1. For the college 
students the LVF/RH was faster than the RVF/LH for global trials, t (23) = 2.01, ^  = 32.38, 
£ <.05, and the RVF/LH was faster than the LVF/RH for local trials, t (23) = 2.93, SE = 
39.15, £ <.01. Thus, the differences between the unilateral trials were consistent with the 
global/local literature. The RVF/LH was significantly slower than the cooperative condition, 
t (23) = 2.32, SE = 40.73, £ <.01, at the global level. For the local level, the RVF/LH was 
significantly faster than the bilateral cooperative condition, t (23) = 2.25, SE = 49.94, £ <.0l. 
There was no significant difference between the LVF/RH and the cooperative conditions for 
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either level. Thus, the comparison of the LVP/RH to the bilateral cooperative condition 
suggested RH metacontrol for college students. 
The average ability adolescents were faster with the RVF/LH than the LVF/RH for 
local trials, t (17) = 1.93, SE = 29.90, q <.05, but there was no difference between the 
unilateral conditions for global trials. None of the comparisons between unilateral and 
bilateral cooperative conditions were statistically reliable for the average ability adolescents. 
Thus, as in Experiment 1, although there was some evidence of LH specialization for local 
processing, there was no evidence of metacontrol in the average ability adolescents. 
The mathematically gifted adolescents did not show any differences for unilateral 
trials; that is, there was no difference between LVF/RH and RVF/LH either for the global or 
local levels. However, the cooperative condition was significantly faster than the RVF/LH, t 
(17) = 2.98, SE = 23.05, fi <.01, and the LVF/RH, t (17) = 2.67, SE = 19.58, fi <.01, for the 
global level. The cooperative condition was also faster than the RVF/LH, t (17) = 2.30, SE = 
33.08, E <.01, and the LVF/RH, t (17) = 2.01, SE = 23.33, e < 01, for the local level. The 
pattern was qualitatively different from that found for the college students and the average 
ability students: The gifted adolescents were significantly faster in the bilateral cooperative 
condition as compared to both unilateral conditions, whereas the average ability adolescents 
and the college students were not. 
Error Data 
The mean number of errors (out of 40) is shown in Table 4 as a function of group, 
level, and visual field. The error data were evaluated using a 3 group (gifted/average 
ability/college students) x 2 level (global/local) x 3 visual field (LVF, RVF, and redundant) 
mixed design ANOVA, with group serving as a between subjects variable and level and 
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visual field serving as within subject variables. The analysis revealed a significant main 
effect for level, F(l,57) = 26.70, MSE = 301.3, e< OU with the local level (9.5) having more 
errors than the global level (6.7). There were no other signiflcant main effects or interactions. 
When considered with the reaction time data, there was no indication of a speed-accuracy 
trade off. 
Table 4. Mean Number of Errors (out of 40) for Different Groups and for Each 
Experimental Condition (LVF/RH, RVF/LH, and Cooperative). 
Global Processing 
LVF/RH RVF/LH Cooperative 
Errors SD Errors SD Errors SD 
Math Gifted Adolescents 4.4 2.4 6.8 2.5 7.4 3.1 
Average Ability Adolescents 5.4 2.5 7.8 2.4 8.4 3.2 
College Students 4.2 2.3 6.7 2.2 7.1 2.8 
Local Processing 
Errors SD Errors SD Errors SD 
Math Gifted Adolescents 10.0 3.4 8.5 3.2 9.7 4.7 
Average Ability Adolescents 12.1 3'.5 9.8 4.6 13.6 5.2 
College Students 9.3 3.5 7.5 3.1 12.6 4.9 
Discussion 
Presentations in Experiment 2 were exactly same as Experiment 1 for the unilateral 
trials, but on the bilateral trials instead of having redundant information to both hemispheres, 
one member of the letter pair was presented to each hemisphere. Many of the findings in 
Experiment 2 replicated those of Experiment I. There was evidence of global precedence in 
which global responses were faster than local responses for all groups and conditions, and 
gifted adolescents were faster than average ability adolescents and similar to college 
students. However, in Experiment I, the college students were faster than the average ability 
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adolescents, but this was not true in Experiment 2, because the college students, like the 
average ability adolescents, were slower in the bilateral cooperative condition. 
For the college students, the unilateral trials showed an RH advantage for the global 
trials and an LH advantage for the local trials, which is consistent with Experiment 1 and 
with the literature (e.g., Robertson et al., 1993). In Experiment 1, the LH showed 
metacontrol, however, in Experiment 2, when the information necessary to perform the task 
was split between the hemispheres (cooperative condition), performance in the bilateral 
cooperative condition mirrored the RH rather than the LH. This result suggests that when 
interhemispheric transfer and cooperation are required, it is the RH (and not the LH) that 
assumes processing responsibility for the task at hand. The suggestion of RH metacontrol 
under conditions of mandatory interhemispheric transfer has been previously suggested (e.g., 
Elman, Bates, Johnson, Karmiloff-Smith, Parisi, & Plunkett, 1998; Hellige, 1993a) and these 
results are generally in keeping with that hypothesis. 
The average ability adolescents were faster in the RVF/LH for local processing, but 
there were no hemispheric differences for global processing. The same pattern was found in 
Experiment 1. As discussed earlier, this pattern could be due to the fact that adolescents 
show less specialized brain functions, the fact that a selective attention task was used, or the 
fact that global processing is an easier task. The average ability adolescents did not show 
any advantage for the cooperative condition. 
The gifted adolescents showed no reliable difference when processing local and 
global information with respect to the unilateral trials (i.e., there were no hemispheric 
differences). However, in the bilateral cooperative condition, the gifted adolescents' reaction 
time was much faster compared to unilateral RH and LH trials for both local and global 
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processing. According to Elman et al. (1998), the RH plays a prominent role when 
information has to be integrated in the brain. Previous research by O'Boyle and colleagues 
with gifted adolescents has shown that their RH plays a prominent role in basic information 
processing (due to the enhanced RH). Thus, it could be speculated that gifted adolescents are 
better during the cooperative condition because that condition allows the most efficient use 
of resources in a fully integrated brain. Each hemisphere processes half of the information 
and the results are shared without penalty (perhaps due to the enhanced RH). Taken as a 
composite, this experiment provided ftirther evidence for the contention that gifted 
adolescents are better when they have to integrate information (i.e., the RH task) and 
interhemispheric cooperation is a unique ftinctional characteristic of the mathematically 
gifted brain. 
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GENERAL DISCUSSION 
Conclusions from the Current Research 
The current research was designed to determine if the functional brain organization of 
mathematically gifted individuals was different either qualitatively or quantitatively from that 
of average ability adolescents and college students. For this purpose, the present study 
employed bilateral and unilateral presentations of hierarchical stimuli. In Experiment I, the 
bilateral presentations were redundant, so that each hemisphere had the global/local 
information necessary to perform the task. In Experiment 2, the bilateral presentations 
divided global/local inputs between the two visual fields (between-hemispheres) so that each 
hemisphere had half of the information necessary to do the task. 
Comparisons between the unilateral presentations allowed for an analysis of 
hemispheric specialization. Comparisons between the unilateral and bilateral presentations 
allowed for an analysis of interhemispheric processes (Banich & Shenker, 1994). 
Comparisons between the unilateral and bilateral conditions assessed evidence for 
metacontrol in which there was similar performance between the bilateral condition and one 
of the unilateral conditions. Comparisons between the unilateral and bilateral conditions also 
allowed assessment of any advantage (or penalty) associated with the bilateral condition. 
The college students produced the prototypical results for the global/local matches in 
both experiments: The RH was superior for global processing and the LH for local 
processing. Furthermore, in college students, the LH showed metacontrol in Experiment 1 
when information necessary to perform global/local information was redundantly available to 
both hemispheres, whereas the RH showed metacontrol in Experiment 2 when the 
information necessary to perform global/local matches was split between the hemispheres. 
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These results were opposite to those reported by Robertson et al., (1993), which showed that 
the responses on bilateral trials mimic unilateral RVP/LH responses when the task is to 
respond to the local level and mimic unilateral LVF/RH responses when the task is to 
respond to the global level. These results are, however, consistent with the recent findings of 
Hellige and colleagues that suggest that the term metacontrol does not imply control by the 
hemisphere with the greater specialization for performing a given task (e.g., Hellige, 1993b; 
Hellige, Cowin, & Eng, 1995; Hellige & Cowin, 1996; Weisssman & Banich, 1999). The 
college students were especially poor in the local cooperative condition, which required 
between hemisphere comparison of small letters. The poor performance is consistent with 
the results of Dimond, Gibbon, and Gazzaniga (1972), who found that the matching of 
bilaterally presented word pairs was so difficult that performance in adults deteriorated to 
almost chance levels. 
The average ability adolescents displayed the prototypical results for local processing 
(i.e., the LH faster than the RH for local processing), but there was no difference between the 
LH and RH for global processing. The finding that the RH shows no advantage over the LH 
for global processing is congruent with earlier studies (Christman & Weiner, 1997; Martin 
1979), which found lateralization for local processing but not for global processing. 
Furthermore, global processing is known to be easier than local processing (e.g., Kimchi, 
1992; Kimchi &. Goldsmith, 1992; Navon, 1977), as was evident in this study. Several 
previous studies have also demonstrated that a hemispheric advantage is enhanced as task 
complexity is increased, perhaps because the extended time required for processing a 
difficult task allows greater opportunity for a significant asymmetry to rise (e.g., Banich & 
Belger, 1990; Banich & Shenker, 1994; Gazzaniga, 1975; Hellige, 1993a; Myers, 1962; 
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Patterson & Bradshaw, 1975; Weisman & Banich, 2000, etc.). Nevertheless, the college 
students did show brain asymmetry for the global processing, probably because their brains 
are more specialized than the brains of adolescents (Bradshaw, 1989; Hellige, 1993a; 
Witelson, 1987). In addition to the above findings, the average ability adolescents did not 
show any metacontrol (by the RH or the LH) during the bilateral trials for either global or 
local processing. 
Although the patterns found in the college students and the average ability 
adolescents are of interest, the focus of the current research was on the mathematically gifted 
adolescents. The college students and the average ability ftmctioned primarily as "normal" 
or baseline comparison groups for the mathematically gifted adolescents. 
In Experiment 1, the mathematically gifted adolescents did not show any differences 
among LVF/RH, RVF/LH, and the bilateral redundant conditions. This finding suggests that 
the functional organization of the gifted brain is more bilateral than the normal brain. This is 
consistent with the results of O'Boyle and Benbow (1990), which did not show LH 
superiority for a dichotic listening task in the gifted sample, although non-gifted participants 
typically show a robust LH advantage in this task. The results of Experiments 2 illustrated 
that when processing resources are divided between hemispheres, mathematically gifted 
adolescents outperform both the average ability adolescents and college students. The gifted 
performance was best when the information necessary to perform the task was divided 
between the two hemispheres, and interhemispheric communication was required to correctly 
perform the matching task. This was an intriguing finding because college students and 
average ability adolescents did not show a processing advantage for the bilateral cooperative 
condition, as compared to the unilateral conditions, whereas the mathematically gifted 
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adolescents were better in the bilateral cooperative condition as compared to the unilateral 
condition. 
As described earlier, previous studies performed by O'Boyle and colleagues have 
shown that gifted children have enhanced reliance on the RH during basic information 
processing. According to recent research, the RH is responsible for integrating information 
in the human brain (Elman et al., 1998; Hellige, 1993a). Hence, it seems reasonable that the 
gifted adolescents in the current study would show a processing advantage over average 
ability adolescents and college students when the RH cortical resources were required to 
complete the task (i.e., in the cooperative condition). Thus, the above findings suggest that 
the functional brain organization of the gifted adolescents is qualitatively different from those 
of average ability adolescents and college students. The gifted adolescents showed enhanced 
involvement of the RH during the cooperative conditions of global/local processing, whereas 
the average ability adolescents and college students did not. 
The aforementioned results are also compatible with the notion that the gifted brain 
asymmetrically activates regions in the LH and the RH that are critical for processing visual 
hierarchical stimuli. In their EEG study, O'Boyle et al. (1991) found that the mathematically 
gifted males could selectively inhibit cortical regions that are less critical in the specialized 
processing requirements of the task at hand. In their study, gifted male adolescents exhibited 
significant LH inhibition during a chimeric face processing task. Thus, it may be that the CC 
can act as a communication and control channel in a gifted brain; it can inhibit or enhance 
different hemispheric cortical regions depending on task and stimulus variables. 
Benbow (1986) reported that left-handedness is more prevalent in highly 
mathematically talented children. This finding led to O'Boyle and Benbow's (1990) study 
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showing that highly mathematically talented children have enhanced RH development as 
suggested by the GBG model. Research in the morphology of the CC suggests that left­
handers have a bigger CC as compared to right-handers (e.g., Driesen & Raz, 1995; 
Witelson, 1985). As a speculation derived from these different studies, it can be suggested 
that the mathematically gifred individuals perform better during cooperative conditions 
because their interhemispheric interaction is more efficient due to a bigger CC. The number 
of interhemispheric connections between cortical areas is proportional to the size of the CC 
(Rosen, Sherman, & Galaburda, 1989), and the sheer size of the CC has implications for the 
speed and type of information transfer among various cortical areas (Hoptman & Davidson, 
1994). 
If the speculation about differences in the CC among the gifted adolescents is correct, 
then "gifted" adults should show similar RH enhancement because they also would have a 
larger CC. In a pilot study designed to examine performance of highly mathematically 
talented adults, five graduate students were tested on the global/local matching task. Four of 
these graduate students were in the 99'*^ percentile of quantitative portion of their graduate 
record examination. Their results were similar to the results of the gifted adolescents, in that 
their performance was better during the bilateral cooperative condition as compared to the 
unilateral presentations of stimuli. In addition, no hemispheric specialization for global 
versus local processing was found for these graduate students. Thus, somewhat similar 
results from high mathematical ability adults and adolescents suggests that they may have 
comparable functional brain organization. (Note: the data for the graduate students are more 
fully described in Appendix B). 
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Taken in composite, the findings from the present study reinforce the hypothesis that 
enhanced RH involvement during basic information processing and superior coordination of 
cortical resources between the hemispheres are unique characteristic of the gifted brain. 
Specifically, these findings indicate that interhemispheric interaction (perhaps via the CC) is 
a dynamic process that can increase the processing efficiency of the gifted brain under the 
cooperative condition, a condition that is more demanding in the non-gifted brain. Therefore, 
the CC might be recognized as one of the neural structures that is vita! for individual 
differences between the gifted brain and non-gifted. 
Are Gifted Youth Dinerent? 
There is little doubt that there is measurable variability in human intelligence (e.g.. 
Dark & Benbovv, 1993; Detterman, 1994). The complexity of human abilities and their 
interaction with the envirormient accounts for the fact that most abilities, and especially those 
of a cognitive nature, are distributed on a continuum in the human population. As there are 
individuals who are mentally deficient, there are also those who are exceptional in terms of 
intellect. While much research on giftedness suggests quantitative differences between gifted 
and average ability individuals (e.g., Dark &. Benbow, 1990, 1993; Jackson & Butterfield, 
1986), the research on mental retardation as well as giftedness has shown that in many cases 
these differences in cognitive ability are qualitative and not just quantitative in nature (e.g., 
Obrzut, 1995; O'Boyle et al., 1995). The current results suggest that there are qualitative 
functional as well as structural differences between normal individuals as compared to gifted 
individuals, just as there are between normal and learning disabled individuals (Obler & 
Fein, 1988; Vernon, 1994). 
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The topic of intellectual competence inevitably awakens the nature-nurture debate, 
which is at the core of giftedness research. Interest in the nativist view of intelligence can be 
traced back to Galton's work. In his book Hereditary Genius, published in 1869, Galton 
emphasized the innate hereditary predisposition for intelligence. In recent years, with the 
attempt to decode the human genome taking place, this issue has become much more 
germane to neuroscientists who want to discover the underlying gene or genes that might be 
responsible for human intelligence. Despite the desire for this knowledge, most 
neuroscientists agree that giftedness is the byproduct of both heredity and environment. The 
genes and the environment interact in a way such that nurture reinforces or retards the 
foundations for ability laid down by nature. For example, a mother rat licking and grooming 
her infant will initiate a cascade of events that eventually turns on genes related to growth in 
that offspring (Soffie et al., 1999). 
The nativist view of giftedness is criticized by people who believe that giftedness is a 
result of environment or of goal-directed hard work. Such belief is supported by studies 
showing that high achievement is associated with years of hard work, endurance, 
concentration, and commitment (e.g.. Bloom, 1985; Csikszentmihalyi, 1996; Gardner, 1993; 
Gruber, 1981; Roe, 1951). However, these studies did not tease apart the role played by 
innate ability from that played by hard work, and they did not explore the possible genetic 
basis of the ability for hard work, sustained concentration, endurance, and commitment. 
Furthermore, these studies were based, in part, on reports from potentially biased parents 
(Feldman, 1991; Winner, 1996, 2000). 
The claim that all high abilities are due to hard work is also used to explain the 
astonishing level of performance shown by savants. However, the hypothesis that all high 
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abilities are based on hard work, does not explain the fact that the savants, like gifted 
children, show high abilities right from the start. Furthermore, the claim cannot account for 
why savants are found only in highly rule structured domains such as mathematics and music 
and that the ability appears without much formal training (Winner, 2000). Thus, it seems 
probable that savants' and gifted children's high performance is at least partially due to some 
genetically determined abilities. The high performance by gifted individuals and savants 
probably reflects different ftmctional brain organizations for them relative to the non-gifted, 
which indirectly supports the view that savants and gifted individuals have an atypical 
cerebral brain organization. 
The present study found that the gifted adolescents' brain is functionally organized 
differently for some aspects of visual information processing compared to the brains of 
average ability adolescents and college students. The gifted adolescents appear to have 
enhanced RH development and better interhemispheric connections. The results of the 
current study are congruent with the earlier studies showing that the gifted brain is less 
lateralized than the normal (average ability) brain (e.g., O'Boyle et al., 1991; O'Boyle & 
Benbow, 1990). And, the current research as well as the earlier research by O'Boyle and 
colleagues provides support for the contention that at least some high abilities depend on 
more than just hard work. 
A fact not yet discussed is that gifted children have a deep intrinsic motivation for 
most tasks in which they show high ability (Winner, 1996, 1997). The motivational aspects 
of giftedness were somewhat apparent in the current research: The gifted youth appeared to 
show high motivation for the global/local tasks. The gifted youth were faster than their 
average ability counterparts and functioned more like the adult college students. 
77 
Furthermore, they appeared to be more interested in what was going on during the 
experiment. A majority of them (13 out of 18) provided their phone number, so the 
experimenter could call them and let them know about their performance and the composite 
results of the study. This high intrinsic motivation was not seen with the average ability 
adolescents. It may be that the motivation was extrinsic for the average ability adolescents 
(i.e., the primary motive was the money provided as compensation for participation). 
However, even if the gifted adolescents did have strong intrinsic motivation, that motivation 
cannot explain the differences in the interhemispheric interactions between hemispheres or 
the differences in the cooperative and redundant performances bet\veen gifted and normal 
individuals with regard to visual information processing. 
The success of the gifted brain does not appear to be a function of how hard the brain 
works but rather how efficiently it works. Studies using EEG and PET have shown that 
during problem solving, intellectually competent individuals may be less mentally active than 
their average ability counterparts (e.g.. Hair, Siegel, Tang, Adel, & Buchsbaum, 1992; 
O'Boyle et al., 1991). In the present study, the cooperative trials appeared to be difficult for 
the average ability children and college students, who exhibited numerically higher reaction 
times and error rates on these trials. The gifted youth, however, were significantly better in 
the cooperative condition, supporting the claim that they can perform the tasks requiring 
hemispheric coordination with less effort, as they can capitalize on enhanced 
interhemispheric connections. The conclusion is that they have a more integrated brain. 
Relevance of Cognitive Neuroscience and Implications for Gifted Education 
Clinical and counseling psychologists have long been reluctant to accept the strong 
influence of genetics on human behavior (Winner, 2000). According to their view, if humans 
78 
are just the product of their genes, then there is a little hope of modifying human behavior 
through environmental intervention. If genes affect not only physical traits (e.g., eye color, 
blood type, hair color) but also personality, behavior, and intelligence, then heredity equals 
destiny. However, researchers in behavioral genetics take the position that the primary 
influence of genes on intelligence is indirect (Halpem, 1992 ). That is, genes and 
envirormient interact. For example, having the gene for schizophrenia means there is a fifty 
percent chance of developing the disease, rather than an absolute (100%) certainty. The 
disease occurs only when there is an interaction between schizophrenia genes and 
schizophrenia inducing experiences. Hence, genes can have different effects, depending on 
their environment. Thus, there is genetic propensity, but not inevitability. The question in 
terms of intelligence is not how much of intelligence is attributable to nature (heredity, genes, 
biology) and how much to nurture (experience, environment), but rather how nature and 
nurture interact to produce intellectual competence. 
As mentioned earlier, gifted children seem intensely motivated, a fact that should be 
recognized, cultivated, and not ignored. When gifted children are not sufficiently challenged 
in their pedagogical environment, they sometimes lose their motivation and become 
underachievers (Holowinsky, 1983). Gifted children might be better educated if teachers 
seek out what motivates and excites these students. As mentioned by O'Boyle and Gill 
(1998), the common practice of increasing and accelerating the delivery of the same material 
being offered to the average ability individuals, while probably useful, may not be the best 
way to educate gifted students. In addition, according to Scarr and McCartney (1983), the 
environment plays a significant role in shaping intellect, but a person's inherited 
characteristics largely determine what those experiences will be and how they are perceived. 
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Therefore, schools should provide special environments for gifted individuals that will help 
them in fully developing their high abilities. 
The new emphasis on neuroscience has caught the attention of many developmental 
and educational psychologists as well as educators. For instance, in the last few years, 
almost every major news magazine in the United States (e.g.. Time, Newsweek, and U.S. 
News & World Report) has articles focusing on the role of cognitive neuroscience research 
as it relates to young children. President Clinton (1997) held a conference to examine some 
of this new research as it relates to education. It is not just genetic endowment that results in 
high levels of intellectual competence. The opportunities provided in the environment to 
express these genetic endowments allow individuals to enhance their abilities to the point of 
giftedness, whereas the lack of such opportunities may inhibit others in their development, 
perhaps to the level of retardation. 
How can these new cognitive neuroscience findings can be translated into the 
enhanced cognitive development and education of children? According to O'Boyle and Gill 
(1998), the recent findings fi-om the field of cognitive neuroscience have important 
significance for education. Therefore, the instructional methods that capitalize on the 
plasticity of the brain (Greenough, Black, & Wallace, 1987; Mogilner, Grossman, Ribary, 
Joliot, Volmann, Rapaport, Beasley, & Linas, 1993) and individual differences in the 
functional organization of the brain should be incorporated in the classroom. Given the brain 
organization differences between gifted and average ability youth as shown by the current 
study and previous studies by O'Boyle and colleagues, teachers might devise a curriculum 
for the gifted that emphasizes the contribution of both the LH and the RH for acquiring 
cognitive skills. For example, recent research by Gardiner, Fox, Knowles, and Jeffi-ey (1996) 
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showed that music education can enhance not only spatial abilities but also early 
mathematical reasoning. This research was initiated based on ideas from new developments 
in cognitive neuroscience (Leng & Shaw, 1991; Rauscher, Shaw, & Ky, 1993; Rauscher, 
Robinson, & Jens, 1998). In addition, recent research by Gottfried et al. (1995) demonstrated 
that professional musicians with an early musical training have significantly larger CC in the 
midsagittal area as compared to sex- and handedness-matched controls. Thus, if the 
environment can increase the size of the CC through musical training, then students should 
be exposed to such environments, so that their brains can become more integrated. (This 
would be true for both gifted and non-gifled students). 
The insights from the field of cognitive neuroscience need to be more fully developed 
so that they can be implemented into the pedagogical environment. Educators, and not 
neuroscientists, though, are in the better position to incorporate these findings in the 
classrooms. Therefore, there should be meaningful lines of communication between 
neuroscientists and those teaching in the classrooms (O'Boyle &. Gill, 1998). 
Future Studies on Giftedness 
Winner (2000) suggested that psychology knows more about retardation and learning 
disabilities than about giftedness. One of the interesting findings from studying the leaming 
disabled and the gifted is that both of these groups seem, at first glance, to have the same 
kind of brain (e.g., Corballis, 1983; Obrzut, 1988; Orbzut, 1995; for a review, see Newby & 
Lyon, 1991). Moreover, the leaming disabled and gifted exhibit similar levels of allergies 
and left-handedness (Benbow 1986; Obrzut, 1995). The current study, as well as studies 
performed by O'Boyle and colleagues, has shown that the gifted children exhibit less 
cerebral laterality and better interhemispheric connections. The role of interhemispheric 
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interaction (via the CC) is also implicated in many pathological conditions (e.g., dyslexia, 
schizophrenia, multiple sclerosis, autism). Hence, increased research in giftedness should 
shed more light on the brain organization of individuals with either exceptional talent or 
learning disabilities. 
One goal of future research in giftedness should be to define more precisely the 
relative contribution of each hemisphere in the mediation and modulation of exceptional 
talent and to determine the neurobiological correlates of intelligence. For instance, the 
present study showed that the gifted brain is better during the bilateral cooperative 
condition, which implies better interhemispheric cooperation in the gifted brain. Thus, it 
would be of considerable interest to determine if variation in the size of the CC is a possible 
substrate for intelligence. Additional questions concern what is the ftmctional significance 
of individual differences in callosal anatomy, under what conditions do interhemispheric 
interactions affect cognitive processing, and what is the role of other commissures in 
giftedness. Clearly, progress with respect to understanding the relation between giftedness 
and brain depends on close collaboration between cognitive psychology and the 
neurosciences. As progress is made in neuroimaging technologies (e.g., rCBF, fMRI, PET, 
ERP), more precise information about the brain-behavior relation of gifted brain will be 
gained. 
As evident fi-om the present research, there appear to be functional brain differences 
(and probably structural as well) between gifted individuals and average ability individuals. 
However, the topic of individual differences is enmeshed in controversy. Many people take 
strong and emotional stands on the issue, but scientific research should not be in the business 
of supporting or reflating a theory on the basis of emotion or political correctness (or 
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incorrectness) nor on a "belief system". Therefore, future research on giftedness (or any 
other individual differences) should not be dictated by social ramifications. Although 
researchers are part of the society and cannot be entirely separate from contemporary 
political and social forces, the crux of research on individual differences should be objective. 
But there is always a danger that persons may use data supporting the heredity component of 
intelligence to express opinions (rather than facts) similar to those in the book The Bell 
Curve, where authors Hermstein and Murray (1994) stressed group and racial differences in a 
somewhat mean-spirited and prejudiced way. For example, they only emphasized the IQ 
differences between blacks and whites, while ignoring the differences between other ethnic 
groups. Moreover, they did not explain why there has been an IQ increase every 10 years, 
since early 1900s, for the black population as measured by the IQ tests. 
The results from the present study, taken as a whole, show individual differences in 
interhemispheric interaction. These results provide support for the idea that there might be 
anatomical differences in the CC for the gifted as compared to the normal brain. Therefore, 
there is a need to evaluate the education of gifted children. If gifted students are not provided 
with the opportunities that enhance their abilities (which might depend upon their brain 
anatomy), the lack of engagement may impede their development. According to a widely 
cited government report, about half of the top one percent of American students are 
underachieving (Ross, 1993). The cognitive neuroscience findings (like the present one) 
should be more fully integrated into school curricula, and gifted students should be allowed 
to take advance classes that are tailored to capitalize on the functional differences of their 
brain in the domain of their giftedness. 
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APPENDIX A. MODIFIED EDINBURGH HANDEDNESS INVENTORY 
Subject Number 
Please indicate your preference in the use of hands for the following activities by checking 
the appropriate column 
Always Usually No Usually Always 
Left Left Preference Right Right 
Writing 
Drawing 
Throwing 
Scissors 
Toothbrush 
Knife 
(without fork) 
Spoon 
Striking Match 
(hand with match) 
Is your father right-handed? 
Is your mother right-handed? 
How many brothers and sisters do you have? 
How many of your bothers and sisters are right-handed? 
Have you ever studied a foreign language? 
If yes, what language's and for how long? 
Do you speak the language well? 
Are you currently under any medication? 
If you are what is the name of the medication? 
Are you in any special education classes? 
Are you in any advanced education classes? 
Have you ever been diagnosed as having epilepsy? 
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APPENDIX B. PILOT STUDY 
Five graduate students took part in this pilot study. 
Table B-1. Mean Reaction Times (msec) for Graduate Students as a function of Group, 
Level, and Visual Field (Cooperative) 
Graduate Students 
Global Processing 
LVF/RH RVF/LH 
RT SD RT SD 
851 123 862 140 
Cooperative 
RT SD 
815 126 
Graduate Students 
Local Processing 
LW/RH RVF/LH Cooperative 
RT SD RT SD RT SD 
1005 132 1029 159 973 149 
Table B-L Mean Reaction Times (msec) for Graduate Students as a function of Group, 
Level, and Visual Field (Redundant) 
Graduate Students 
Global Processing 
LVF/RH 
RT SD 
851 119 
RVF/LH 
RT SD 
869 131 
Redundant 
RT SD 
843 136 
Graduate Students 
Local Processing 
LVF/RH RVF/LH Redundant 
RT SD RT SD RT SD 
1011 149 1049 160 1029 152 
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